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NAME OF SPONSOR/COMPANY: 

Philip Morris U.S.A. 

4201 Commerce Road 

Gate C, Door 17 

Richmond, Virginia 23234 

STUDY TITLE: 

A Single-Center, Pilot Exploratory Study to Evaluate Study Design, Study 
Logistics, and Bioanalytical Methods to Measure Smoke Exposure in Adult 
Smokers of 3.0 to 6.9 mg FTC Tar Delivery Cigarettes as Compared to Adult 
Non-Smokers (Pilot Total Exposure Study) 

PROTOCOL NO.: 

PM-8450 

INVESTIGATORS/ 

INSTITUTIONS: 

Princioal Investigator Soonsor Reoresentative Statistician 

Russell M. Dixon, MD Roger Walk, PhD, D.A.B.T. Rachid Chaouki, MS 
Covance CRU Philip Morris U.S.A. Covance CRU 

PUBLICATIONS: 

Three publications and six posters are listed in the references. 

PERIOD OF TRI AL: 

01 May 2001 to 18 June 2001 

STUDY OBJECTIVES: 

* To establish the validity of the design concepts (e.g., sample collection, 
feasibility, and precision of analytical methods for biomarkers, sample 
handling and stability, data acquisition by Questionnaire) to be used in a 
subsequent large study of adult smokers representing all tar and nicotine 
categories in the U.S. market. 


• In particular, the study should determine: 


• The intra- and inter-individual variability of each estimate of 
biomarkers of exposure and biomarkers of effect. 


• If the selected biomarkers of exposure and effect can differentiate 
between adult smokers of 3.0 to 6.9 mg tar (FTC) cigarettes and 
adult non-smokers. 

STUDY DESIGN: 

This study employed a single-center, out-patient visit design. It was an 
exploratory observational study with 2 parallel groups (adult smokers and 
adult non-smokers) and 2 subgroups (male and female) within each group. 

STUDY 

POPULATION: 

(Enrolled Population 
and Evaluable 
Population) 

Enrolled Population: A total of 140 healthy adult male and female subjects, 
21 years of age or older visited the study site for an Enrollment visit. This 
population included a distribution of 72 smokers (distributed as 33 adult male 
smokers and 39 adult female smokers) and 68 non-smokers (distributed as 32 
adult non-smoking males and 36 adult non-smoking females). Subject 
smoking status was defined as the self-reported cigarette consumption of a 
minimum of 1 manufactured cigarette per day over the last 12-month period. 

These 140 subjects completed all of the procedures required for the 
Enrollment visit, including the Questionnaire. After analysis of the responses 
to the Questionnaire, some of these subjects were disqualified from analysis 
due to violations of inclusion and/or exclusion criteria, but they were all 
allowed to continue/complete the sample collections. 

Evaluable Population: The population evaluable for analysis was defined as 
those subjects who were enrolled in the study who had valid evaluations at 
Enrollment and post-Enrollment and who did not violate eligibility criteria 
during the study. 
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STUDY 

POPULATION: 
(Enrolled Population 
and Evaluable 
Population) 

Evaluable Population (continued): Data from subjects who withdrew early 
or became ineligible to continue in the study were included up to the time 
they withdrew or violated eligibility criteria. After all data collection was 
complete at Week 6, the analysis population consisted of 42 smokers 
(14 males and 28 females) and 65 nonsmokers (30 males and 35 females). 

VISIT SCHEDULE: 

The subjects reported to the study site for a Screening visit within 28 days 
prior to entry into the actual study. After Enrollment, the subjects visited the 
study site 4 times (i.e., once during each Week 1, 2, 3, and 6). The subjects 
received the necessary supplies at each visit to collect the needed 
samples/information for the next scheduled visit. The visits were to be 
scheduled such that the blood samples for analysis of biomarkers were 
conducted on 2 of their leisure days and 2 of their non-leisure days. The 
24-hour urine collections were to be conducted on 2 non-leisure days and I 
leisure day. 

SAFETY 

EVALUATIONS/ 

SAMPLE 

COLLECTION 

PROCEDURES: 

Complete laboratory evaluations (chemistry [subjects were to be fasted for a 
minimum of 6 hours], hematology [CBC], and complete urinalysis [UA]) 
were collected at Screening and at Enrollment. A urine drug screen was 
performed for all subjects at Screening and Enrollment. 

For all female subjects, a urine sample was collected at each site visit for 
pregnancy testing at the research site. 


At the Screening visit, each subject underwent pulmonary function tests to 
detennine the FVC and FEVj. If the subject’s level was less than 75% of the 
expected value, the subject was not allowed in the study. 


A 12-lead ECG was obtained at Screening for exclusionary purposes only. 


Vital signs (including oral temperature, respirations, and automated seated 
blood pressure and pulse) were obtained at Screening, Enrollment, and at each 
site visit. 


A physical examination was performed at Enrollment. 


Subjects were asked a non-leading question at each post-Screening study site 
visit. Any change in the subject’s health status was recorded as an intercurrent 
illness. This inquiry also determined any concomitant medications that the 
subjects were using. 

BIOMARKER 

Exhalate: 

SAMPLE 

COLLECTION 

PROCEDURES: 

Samples of subject exhalate for determination of acetonitrile were collected at 
site visits during Weeks 1, 3, and 6. Levels of carbon monoxide in exhalate 
were determined at the site during visits for Weeks 1, 2, 3, and 6. The 
collection/determination times for any exhalate biomarkers were before any 
other procedures and were within 30 minutes of arrival at the study site. 


Blood: 


Blood samples for determination of acetonitrile and carboxyhemoglobin in 
blood were collected at site visits during Weeks 1, 2, 3, and 6. Blood samples 
for determination of hemoglobin adducts in RBCs were collected at site visits 
during Weeks 1 and 6. Blood samples for determinations of malondialdehyde 
and fibrinogen in plasma, and HDL- and LDL-cholesterol, and C-reactive 
protein in serum were collected at site visits during Weeks 1, 3, and 6. 
Collections of blood samples were after the exhalate collections and were to 
be within 30 minutes of arrival at the study site. 
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SYNOPSIS 
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BIOMARKER 

SAMPLE 

COLLECTION 

PROCEDURES: 


Urine: 

24-hour urine collections 'were obtained for the determination of 11 -dehydro- 
thromboxane-B 2 and 8-e/w-prostagiandin-F 2a ; malondialdehyde, nicotine and 
five major nicotine metabolites, and creatinine during Weeks 1, 2, and 3. The 
urine samples collected on Weeks 1 and 3 were also analyzed for NNAL and 
NNAL-glucuronide. 

At Enrollment, a urine sample was collected 4 to 5 hours after a caffeine 
challenge to determine the CYP1A2 and NAT2 phenotype of the subjects. 

Sputum: 

All subjects were given a separate collection container for at-home collection 
of spontaneous sputum on the day of a scheduled visit to the research site. 
Additionally, an attempt was made at each site visit to collect spontaneous 
sputum samples. Sputum samples were obtained from 22 female smokers (44 
total samples), 7 female non-smokers (10 total samples), 23 male smokers 
(57 total samples), and 14 male non-smokers (21 total samples). 

Diary: 

Each subject was asked to keep a diary of exposure to other people’s tobacco 
smoke and/or smoking consumption from the time of 48 hours prior to the 
urine collection until the end of the 24-hour collection interval (i.e., until 
they arrived at the study site). 

Questionnaire/Survey: 

During the Enrollment visit and again at Week 6, a full Questionnaire was 
administered by a trained interviewer during which the subjects were asked 
about demographics, chemical exposures (i.e., occupational, hobbies, 
household, solvents), exposure to other people’s tobacco smoke, home 
heating/ventilation systems, dietary characteristics, use of non-tobacco 
nicotine products, and physical activity. Smoking behaviors/consumption for 
smokers were also queried. 

At each site visit during Weeks 1, 2, 3, and 6, the subjects were asked 
questions (e.g., Weekly Survey) related to the smoking behaviors/ 
consumption and exposure to other people’s tobacco smoke during the 3 
days prior to the site visit. 

The original plan was for the subjects’ responses on the 
Questionnaire/Survey to be entered directly into a computer system; 
however, due to system limitations, most of the subjects’ responses were 
transcribed onto a hard copy of the forms and entered into the computer 
system at a later date._ 


BIOMARKER 

STATISTICAL 

METHODOLOGY: 


This pilot study was an observational study that examined the validity of the 
acquisition of data by Questionnaire and diary for use in interpreting data 
obtained on various biomarkers. The study determined the intra- and 
inter-individual variability of each biomarker in adult smokers of cigarettes 
in the 3.0 to 6.9 mg tar range and of non-smokers. 

Biomarkers of exposure and biomarkers of effect were compared between 
smokers and non-smokers, between male smokers and male non-smokers, 
and between female smokers and female non-smokers. Comparisons were 
also made by categorical variables gathered in the Case Report Forms, 
Questionnaires, and Surveys, whenever possible. Overall as well as by-week 
comparisons were performed. Statistical comparisons between groups were 
based on the Wilcoxon rank-sum test. 

Analysis of variance was used to examine whether multiple sample 
collections or a single sample collection was required for the Total Exposure 
Study and to obtain intra-subject variability and inter-subject variability. 
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Exposure-response relationships were evaluated to characterize the 
relationship between a selected set of biomarkers and estimated daily 
exposure. Adult smokers’ daily exposure was estimated using the FTC- 
reported tar, FTC-reported CO, or FTC-reported nicotine value depending on 
the smoke constituent(s) represented by a particular biomarker. Variables of 
possible effecl on biornarkers of exposure collected in the CRF, 
Questionnaire, and Weekly Surveys were the main focus of analyses in 
exposure-response modeling. A nonlinear regression Gompertz model was 
used for the mean response. 

Exposure-response relationships were evaluated to characterize the 
relationship between biomarkers of effect and the sunt of nicotine and 
nicotine metabolites. Variables of known possible relationship to biomarkers 
of effect such as gender, age, and body mass index were forced into the 
model. 

Levels of nicotine and nicotine metabolites (both individually and combined) 
and 4-ABP-Hb adducts were compared between non-smokers exposed to 
environmental tobacco smoke (ETS) from either spouse at home, other 
individuals at home, work, vehicles, places, or a combination of these, to non- 
smokers not exposed using the Wilcoxon rank-sum test. In addition, 
correlation analysis was performed between non-weighted and weighted 
duration of exposure and levels of nicotine and nicotine metabolites and 
4-ABP-Hb adducts. 

An inter-laboratory (1NBIFO and Covance) comparison was done for 
analyses of hemoglobin adducts and urine nicotine and nicotine metabolites 
in a randomly selected subset of subjects’ blood and/or urine samples. The 
results were statistically analyzed using analysis of variance and ordinary 
least products (OLP) regression. 

CLINICAL SAFETY Results of clinical laboratory evaluations (clinical chemistry, hematoiogy, and 
STATISTICAL urinalysis), physical examinations, vital signs, 12-lead ECGs, intercurrent 

METHODOLOGY: illnesses, and concomitant medications are listed by subject and summarized 

using descriptive statistics where applicable. No formal statistical analysis 
was performed on the safety data. 

BIOMARKER Caution should be exercised in the interpretation of the results since the 

RESULTS: sample size selected for this study was not based on a power calculation. For 

all hypothesis tests, statistical significance was declared at 0.05 level with no 
adjustments for multiple comparisons. The imbalance in sample sizes that 
existed in some comparisons, such as comparison between smokers and non- 
smokers during leisure and non-leisure visits, should be taken into account 
w'hilc interpreting the results. In most cases in the ETS evaluation by source 
of exposure, the number of non-smokers not exposed was substantially 
greater than the number of non-smokers exposed. In some cases the p-value 
derived based on Wilcoxon rank-sum test was statistically significant even 
when the median values were equal. The Wilcoxon rank-sum test assumes 
that the underlying population distributions are the same for the two samples 
with the exception of a shift in location. Any deviation from this assumption 
can potentially result in a significant p-value even though the medians are the 
same. 

Biomarkers of Exposure: 

Parametric as well as nonparametric analyses showed a significant difference 
in all the selected biomarkers of exposure between smokers and non-smokers 
by week and overall. 


BIOMARKER 

STATISTICAL 

METHODOLOGY: 
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BIOMARKER 

RESULTS: 


Biomarkers of Exposure: (continued) 

The sum of nicotine and nicotine metabolites was the most discriminatory 
biomarker between smokers and non-smokers. Acetonitrile in exhalate, 
unexpectedly and without biologic plausibility, had larger values in non- 
smokers than smokers. Acetonitrile in blood had the most outliers as 
compared to other biomarkers of exposure. Because the NNAL and NNAL- 
glucuronide assay did not validate, the NNAL and NNAL-glucuronide values 
were considered invalid and were not presented in the narrative of this report. 

Most biornarkers of exposure had high intra-subject variability and high inter¬ 
subject variability that could be due to the inherently high variability in these 
biomarkers or to some variability that was not accounted for by the model 
utilized. 

Exposure-response modeling for biomarkers of exposure indicated a 
significant effect of self-exposure on most biomarkers. External exposures 
such as exposure to cigarette smoke from spouse, exposure to cigarette smoke 
from others, exposure to cigarette smoke in vehicles, exposure to cigarette 
smoke at the workplace, and exposure to cigarette smoke in other places 
seemed to explain some variability in most biomarkers of exposure. However, 
the final models for the biornarkers of exposure seemed to vary depending on 
the biomarker’s half-life assumed in the calculation of self-exposure. 

For biornarkers of exposure, statistical significance for the difference between 
smokers and non-smokers was similar regardless of leisure or non-leisure 
visits. 

Evaluation of non-smokers exposed and non-smokers not exposed to ETS 
showed statistically significant differences for the sum of nicotine and 
nicotine metabolites, trans-3 '-hydroxycotinine, t/c«s-3'-hydroxycotinine-C>- 
glucuronide, nicotine-A-glucuronide, and cotinine-iV-glucuronide at all 
sample collection times, with levels in ETS-exposed non-smokers greater 
than in ETS-non-exposed non-smokers. The 4-ABP-Hb adducts, nicotine, and 
cotinine showed a significant difference at only one time point, 

In the inter-lab comparison for this study, various differences were noted 
between the two laboratories for measurements of nicotine and five major 
nicotine metabolites. Different analytical methods, validated according to 
FDA guidelines, were used. The Sponsor found the results from Covance 
acceptable. 

Biornarkers of Effect: 

Parametric as well as nonparametric analyses showed a significant difference 
between smokers and non-smokers by week and overall for malondialdehyde 
in blood, HDL-chofesterol, fibrinogen, 11-dehydro-thromboxane-and 
8-epr-PGF 2a . HDL-cholesterol was the only biomarker with significantly 
greater values in non-smokers than in smokers. 

The biornarkers of effect did not discriminate as well between smokers and 
non-smokers as the biornarkers of exposure. 

The intra-subject %CV and the inter-subject %CV for HDL- and LDL- 
cholesterol, fibrinogen, and malondialdehyde in blood were all less than 30%, 
while the intra-subject %CV and the inter-subject %CV ranged from 
moderately high for 1 l-dehydro-thromboxane-B 2 , K-epi-PGF,^, and 
malondialdehyde in urine to extremely high for the C-reactive protein. 
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PHENOTYPINC Of the evaluable subjects, approximately 57% of male smokers and 

RESULTS: approximately 68% of female smokers had a “high activity” phenotype for 

CYP1A2. Of the non-smokers, 38% of males and 22% of females had a “high 
activity” phenotype for CYP1A2. Approximately 60% to 78% of all 
evaluable subjects, smokers and non-smokers, had a “slow acetylator” 
phenotype for NAT2. 

SAFETY Screening evaluations of 12-lead ECGs and lung function tests were similar 

RESULTS: between smoking subject and non-smoking subjects. 

Although no formal statistical analysis was completed for the vital signs data, 
observations of differences were noted. Male smokers and male non-smokers 
had similar systolic blood pressure levels, while female smokers had slightly 
lower systolic blood pressure levels than non-smoking females. Diastolic 
blood pressure, respiratory rate, and oral temperature were similar for 
smokers and non-smokers overall. 

Mean pulse measurements were approximately 5 to 9 bpm less for non- 
smokers than for smokers overall. 

The following clinical chemistry and hematology parameters had 
significantly greater levels in smokers as compared to non-smokers: 
triglycerides, total WBC count and absolute neutrophil, basophil, eosinophil, 
lymphocyte and monocyte counts. The following clinical chemistry and 
hematology parameters had significantly lower values in smokers as 
compared to non-smokers: total protein, AST, and BUN. 

Female subjects, both smokers and non-smokers, had more occurrences of 
occult blood in urine, possibly due to urine samples being taken during 
menses. 

Ail out-of-range clinical laboratory evaluation results were considered not 
clinically significant. 

All intercurrent illnesses reported during the study period were considered to 
be not clinically significant. 

SUMMARY AND The following biomarkers of exposure are recommended for the TES based 

RECOMMENDATIONS: upon method feasibility and ruggedness, case of specimen collection, and 

ability to differentiate between smokers and non-smokers: 

• The sum of nicotine and nicotine metabolites 

• Carboxyhemoglobin 

• 4-ABP-Hb adducts 

The other biomarkers of exposure were not chosen based upon variability and 
instability within the method (NNK metabolites [NNAL and NNAL- 
glucuronide]), variability within the method (acetonitrile in exhalate), or the 
difficulty in specimen collection (exhalate for acetonitrile). As a biomarker of 
the gas-vapor phase of tobacco smoke, acetonitrile in blood did not 
differentiate as well between smokers and non-smokers and involved a more 
cumbersome assay than did carboxyhemoglobin. 
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SUMMARY AND The following biomarkers of exposure are recommended for the TES based 

RECOMMENDATIONS: upon method feasibility and ruggedness, ease of specimen collection, and 

ability to differentiate between smokers and non-smokers: 

HDL-cholesterol 
LDL-cholesteroI 
11 -Dehydro-thromboxane-B^ 

8-epi-Prostaglandin-F 2a 
Fibrinogen 
C-rcactive protein 

The other biomarkers of effect were not chosen based upon variability within 
the method (plasma malondialdehyde) and failure to consistently differentiate 
between smokers and non-smokers (plasma and urine malondialdehyde). 

As mdst oOfhe biomfirkers showed no time effect! a single sample col 
on (eycl\spv)jeitj^cr.omniarined for thejiowl ExpoWd Study. 

If a questionnaire is used multiple times, discrepancies between answers for 
specific questions and/or violations of ongoing eligibility criteria must be 
identified and resolved prior to the subject leaving the clinical site. 

Most of the biomarkers showed no time effect, indicating that a single sample 
collection on each subject for the Total Exposure Study would be sufficient. , 

Sample stability for the duration of analysis appeared to be acceptable. The 
methods should be validated for samples with extended periods of storage 
prior to the TES analysis. 



/ 
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4. ABBREVIATIONS, DEFINITIONS, AND CALCULATIONS 


@ 

= at 


ABP 

= aminobiphenyl 


3-ABP 

= 3-aminobiphenyl 


4-ABP 

= 4-aminobiphenyI 


Abs 

= absolute 


Add’I 

= additional 


Aik 

= alkaline 


ALQ 

= above the limit of quantification 


ALT 

= alanine aminotransferase 


AM 

= morning 


ANOVA 

= analysis of variance 


approx 

= approximately 


AST 

= aspartate aminotransferase 


atm 

= atmosphere 


BASO 

~ basophil 


bid 

= twice a day 

• 

BLLOQ 

= below the lower limit of quantification 

bpm 

= beats per minute 


BSTFA/TMCS = bis-(trimethylsilyl)trimethylchlorosilane 


BUN 

- blood urea nitrogen 


C 

= continuing 


°c 

= degress Celsius 


CA 

= can’t answer 


CAP 

= College of American Pathologists 


cap 

= capsule/caplet 


CBC 

= complete blood count 


CCLS 

= Covance Central Laboratory Sendees 


CCRC 

= Certified Clinical Research Coodinator 


CCRP 

= Certified Clinical Research Professional 


CFR 

= Code of Federal Regulations 


Chem 

- chemistry panel 


cig 

= cigarette 


CLIA 

= Clinical Laboratory Improvement Act 


CO 

= carbon monoxide 


COHb 

= carboxyhemoglobin 

• 

CRF 

= Case Report Form 
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4. ABBREVIATIONS AND DEFINITIONS 


CRU 

cum 

%CV 

CYP1A2 


11 
dL 
DMT 
ECG 
EENT 
EOS 

S-epz-PGFja 

ETS 

Evaluable subject 



exp 

ext. 

FEVi 

°F 

fL 

freq 

FTC 

FVC 

Fx 

G 

g 

GC 

GCP 

GED 

H 

HA 

Hb 


= Clinical Research Unit 
= cumulative 

= percent coefficient of variation 

= 1A2 isoform of cytochrome P450, a microsomal enzyme 
responsible for a large number of biotransformation reactions 
= 1 l-dehydro-thromboxane-EU 
= deciliter 

= deviation of mean from theoretical 
— electrocardiogram 
= eyes, ears, nose, throat 
= eosinophil 

= 8-ppz-prostaglandin-Fia 

= environmental tobacco smoke 

= An evaluable subject for data analysis is one who was enrolled in 
the study who had valid evaluations at Enrollment and post- 
Enrollment and who did not violate eligibility criteria during the 
study. Data from subjects who withdrew early or became 
ineligible to continue in the study were included up to the time 
they withdrew or violated eligibility criteria. 

= exposure 
= extension 

= forced expiratory volume in one second 
= degrees Fahrenheit 
= femtoliter 
= frequency 

= Federal Trade Commission 
= forced vital capacity 
= fracture 

= gravitational force 
= gram 

= gas chromatograph 
= Good Clinical Practices 
= General Equivalency Diploma 
= above the clinical reference range 
= headache 
= hemoglobin 
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4. ABBREVIATIONS AND DEFINITIONS 


HDL 

= high density lipoprotein 

HDPE 

= high density polyethylene 

HDYF? 

= how do you feel inquiry 

HEENT 

= head, eyes, ears, nose, throat 

Hep 

= hepatitis 

HIV 

= human immunodeficiency virus 

Hosp 

= hospital 

HP 

= Hewlett Packard 

HPLC 

= high pressure liquid chromatograph 

hr 

= hour 

ICF 

= Informed Consent Form 

1CH 

= International Committee on Harmonization 

in. 

= inches 

Inc. 

= incorporated 

IRB 

= Institutional Review Board 

i.u. (or IU) 

= international unit 

IV 

= intravenous 

kg 

= kilogram 

K 3 EDTA 

= potassium ethylenediaminetetraacetic acid 

L 

= liter, or below the clinical reference range 

lb 

= pound 

LC-MS/MS 

= liquid chromatography with tandem mass spectrometry detection 

LDH 

= lactate dehydrogenase 

LDL 

- low density lipoprotein 

LLOQ 

— lower limit of quantification 

LYMPH 

= lymphocyte 

Max 

= maximum 

Min 

= minimum 

min 

= minute 

MCH 

= mean corpuscular hemoglobin 

MCHC 

= mean corpuscular hemoglobin concentration 

MCV 

= mean corpuscular volume 

mEq 

= milli-equivalents 

mg 

= milligram 

mm/dd/yyyy 

= month/day/year 

mL 

= milliliter 
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4. ABBREVIATIONS AND DEFINITIONS 


mol 

= mole 

MONO 

= monocyte 

MWt 

= molecular weight 

M 

= molar (concentration) 

mnxHg 

= millimeters mercury 

m 2 

= meters squared 

N 

= number 

NA 

= not applicable 

NAT2 

= N-acetyltransferase 

NCS 

= not clinically significant 

Neg. 

= negative 

NEUT 

= neutrophil 

ng 

= nanogram 

nicotine equivalents 

= molar sum of nicotine and 5 major metabolites (i.e., total 
nicotine 4- total cotinine + total /nms'-3’-hydroxycotinine) 
excreted in urine over 24 hours 

nL 

= nanoliter 

nmol 

= nanomole 

NNAL 

= 4-(methylnitrosamino)-1 -(3-pyridyl) -1 -butanol 

NNAL-gluc 

= 4-(methylnitrosamino)-l-(3-pyridyl)-l-butanol glucuronide 

NNK 

= 4-(methylnitrosamino)- l-(3-pyridyl)-l -butanone 

No., N 

— number 

NSR 

= normal sinus rhythm 

NPD 

= nitrogen phosphorus detector 

OCC 

= occasional 

obs 

= observation 

OLP 

= ordinary least products 

opth 

= opthalmic 

OS 

= left eye 

pet. 

= percent 

pmol 

= picomole 

Pg 

= pi cogram 

P.O. 

- post office 

PO 

= oral 

Phos 

= phosphatase 

PM 

= evening 
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ppm 

= parts per million 

prn 

= as needed 

QC 

= quality control 

qd 

= every day 

qhs 

= every night 

qid 

= four times daily 

QNS 

= quantity not sufficient 

RBC 

- red blood cell 

Rev. 

= revision 

Ref. 

= reference 

RSD 

= relative standard deviation 

SD 

= standard deviation 

SE 

- standard error 

SGPT 

= serum glutamic-pyruvic transaminase 

SGOT 

= serum glutamic-oxaloacetic transaminase 

SO 

= self and others 

SOP 

= Standard Operating Procedure 

SST 

= serum separator tube 

Tab 

= tablet 

Tbspn 

= tablespoon 

TEA 

= thermal energy analyzer 

TD 

= thermal desorption 

tech 

= technical 

TES 

= Total Exposure Study 

top 

= topical 

UA 

= urinalysis 

UCL 

= upper confidence limit 

Unk 

— unknown 

UPC 

= Universal Product Code 

URI 

= upper respiratory infection 

U.S.A. 

= United States of America 

UTI 

= urinary tract infection 

var 

= variance 

v/v/v 

= volume/volume/volume ratio 

voc 

= vocational 

WVP 

= work, vehicle, places 
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WBC - white blood cell 

(j.g = microgram 

(nmol — micromole 
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4. CALCULATIONS 
Formulas/Description of Calculated Terms 

The following definitions are for values that were calculated using data received from 
Covance Central Laboratory Services. These calculations were performed by Covance 
Clinical Research Unit Pharmacometrics Department based upon Sponsor 
request/direction. 

Sum of Nicotine and Nicotine metabolites = molar sum of (Total Nicotine + Total 
Cotinine + Total /ra«s-3’-hydroxycotinine) excreted in urine over 24 hours. Also referred 
to as nicotine equivalents. 

The concentration of each metabolite was first adjusted by the 24-hour urine volume to 
obtain the total amount excreted in 24 hours, then divided by the molecular weight of the 
metabolite to obtain the total amount of each in moles. The sum in moles was then 
converted to mass of nicotine equivalents by multiplying the molecular weight of 
nicotine, then divided by the total amount of urine creatinine (mg/24 h) to give the 24- 
hour excretion of nicotine equivalents normalized for the 24-hour creatinine excretion 
(nmol/mg creatinine). 

in nmol/mg Creatinine = ((nmol/mg Creatinine) + (nmol/mg Creatinine) + (nmol/mg Creatinine)) 
in mg/mg Creatinine = ((nmol/mg Creatinine)+(nmol/mg Creatinine)+(nmol/mg Creatinine)) 

*(1 mol/10 9 nmol)*( 162.23 g/1 mol)*(1000 mg/g) 
in nmol/24hr = ((nmol/24hr) + (nmol/24hr) + (nmol/24hr)) 

in mg/24hr = ((nmol/24hr) + (nmol/24hr) + (nmol/24hr))*(l mol/10 9 nmol)*{162.23 g/1 mol) 

*( 1000 mg/g) 

in nmol/L = ((nmol/L) + (nmol/L) + (nmol/L)) 

in mg/L = ((nmol/L) + (nmol/L) + (nmol/L))*(l mol/10 9 nmol)*(162.23 g/1 mol)*(1000 mg/g) 

Acetonitrile in Exhalate 


in nmol/L = (Acetonitrile (ng/mL))*(l mL/10 3 pL)*(4 pL)*(l mol/41.05 g)*(l g/10 9 ng) 
*(10 9 nmol/ 1 mol)*(l/.650 L) 


in nL/L @20 °C and 1 atm= 


(Acetonitrile (nmol/L))*(l mol/10 nmol)*(24.056 L/l mol) 
*(10 9 nL/1 L) 


Per cigarette calculations 

The original data value was divided by the number of cigarettes reported in Weekly 
Survey Question 4, e.g., 

Sum of Nicotine and Nicotine metabolites (nmol/mg Creatinine)/cigarette = 
(nmol/mg Creatinine)/(number of cigarettes reported in Weekly Survey Question 4) 
This same procedure was done for all per cigarette calculations. 
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5. BACKGROUND AND OBJECTIVES 
5.1 Background 

A biomarker of exposure is defined as a tobacco constituent or metabolite that is 
measured in biological fluid or tissue that has the potential to interact with a biological 
macromolecule; sometimes considered a measure of internal dose. Biomarkers of effect, 
or biomarkers of potential harm, are defined as a measurement of an effect due to 
exposure including ealry biological effects, alterations in morphology, structure or 
function and clinical symptoms consistent with harm, also including preclinical changes. 

This investigation included evaluation of biomarkers of exposure and biomarkers of 
effect in adult smokers who regularly smoke brands of 3.0 to 6.9 mg tar yield, as 
measured by the Federal Trade Commission (FTC) methods, and published periodically 
by the Tobacco Institute Testing Laboratory. 

The biomarkers of exposure that were chosen for evaluation, the corresponding smoke 
constituent, and the appropriate biofluid matrix are shown in Table 5.1-1. 

Table 5.1-1 - Biomarkers of Exposure Chosen for Evaluation 


Biomarker 

Sample Matrix 

Smoke Constituent 

Acetonitrile 

Exhalate, Blood 

Acetonitrile 

Carboxyhemoglobin 

Blood 

Carbon Monoxide 

CO 

Exhalate 

Carbon Monoxide 

Hb adducts of 3- and 4- 
aminobiphenyl 
(3-ABP-Hb and 4-ABP-Hb) 

Blood 

3- and 4-aminobiphenyl 

Nicotine and 5 metabolites 

24-Hour Urine 

Nicotine 

NNAL and NNAL-glucuronide 

24-Hour Urine 

NNK 


In addition to these biomarkers of exposure, the following biomarkers of effect 
(Table 5.1-2) were selected for analysis, consistent with published investigations. 
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Table 5.1-2 - Biomarkers of Effect Chosen for Evaluation 


Biomarker 

Sample Matrix 

Health Effect 

HDL-cholesterol 

LDL-cholesterol 

Blood 

Atherosclerosis 

11 -Dehydro-thromboxane-B 2 

24-Hour Urine 

Platelet activation 

Fibrinogen 

Blood 

Cardiovascular disease 

S-epf-ProsLaglandin-Fja 

(8-c>-PGF 2a ) 

24-Hour Urine 

Lipid peroxidation 

C-reactive protein 

Blood 

Tissue injury 

Malondialdehyde 

Blood and Urine 

Oxidative stress 


Initial data on exposure were used to estimate sample sizes required for a larger study. 
The study described in this report was designed to assess the feasibility of the proposed 
larger sample-size investigation by focusing on 1 tar yield segment (3.0 to 6.9 mg tar) 
and a non-smoking control population. Measurement of biomarker concentrations in 
adult smokers of these lower yield cigarettes and the non-smoking control group 
permitted evaluation of the adequacy of the limits of quantification of the analytical 
methods. 

The procedures employed in this exploratory study were of minimal risk to the 
participants in the study. 

5.2. STUDY OBJECTIVES 

The objectives of this pilot study were: 

• To establish the validity of the design concepts (e.g., sample collection, 
feasibility, and precision of analytical methods for biomarkers, sample 
handling and stability, data acquisition by Questionnaire) to be used in a 
subsequent large study of adult smokers representing all tar and nicotine 
categories in the U.S. market. 

• In particular, the study determined: 

• The intra- and inter-individual variability of each estimate of 
biomarkers of exposure and biomarkers of effect. 

• If the selected biomarkers of exposure and biomarkers of effect can 
differentiate between smokers of 3.0 to 6.9 mg tar (FTC) cigarettes 
and non-smokers. 
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6. INVESTIGATIONAL PLAN (METHODS) 

6.1 Overall Study Design and Plan: Description 

As a pilot study, the study design measured tire smoke constituent uptake of biomarkers 
and their metabolites in adult smokers of cigarettes in the 3.0 to 6.9 mg tar range and also 
in adult non-smokers. The measures of uptake were obtained through data from 
biosample collections, structured Questionnaires, physical examinations, cigarette 
consumption or smoke exposure diaries, and collections of cigarette butts and packs. The 
information gained from this pilot study is being used to make decisions about the 
feasibility of biomarkers, Questionnaire content and format, sample size, and data 
analysis for the full-scale Total Exposure Study (TES). 

This study was designed as a single-center, out-patient visit, exploratory survey study 
with 2 parallel groups (adult smokers and adult non-smokers) and 2 subgroups (male and 
female) within each group. Each subject was to report to the research study site at various 
times over the course of the 6-week study period. The visits for collection of 
samples/information during Weeks 1, 2, and 3 were to be scheduled at the end of the 
24-hour urine collections. The blood collections during Weeks 1, 2, 3, and 6 were to be 
scheduled such that each subject had collections on 2 of his/her leisure days and on 2 of 
his/her non-leisure days (Note that the 24-hour urine collections during Weeks 1, 2, and 3 
were to be scheduled so that collections occurred on 2 non-leisure days and 1 leisure 
day). 

Blood, urine, exhalate, and spontaneous sputum samples (if any sputum samples were 
produced spontaneously) were to be collected for determination of selected biomarkers at 
various times according to the study flow chart (Table 6.1-1) during the course of the 
6-week study period. 

Physical examinations, 12-lead ECGs, vital signs, and laboratory evaluations were to be 
performed at Screening, Enrollment, and/or at specified times during the study as shown 
in Table 6.1-1. 
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Table 6.1-1: Study Procedures Flow Chart 


Screen 3 Enrollment 

Study Procedures 


Medical History 


Physical Exam 


12-Lead ECG 


Luna Function Tests 0 


Vital Signs 0 






Carboxyhemoelobin (Blood 


Hemoglobin adducts (RBCs 


HDL-cholesterol and 
LDL-cholesterol (Serum 


Malondialdehyde (Plasma' 




C-Reactive Protein (Serum 


Malondialdehyde 


Nicotine and Nicotine Metabolites 


NNAL and NNAL-giucuronide 


Creatinine 


1 l-Dehydro-thromboxane-BV 


Exhalate Sarnplin 


Acetonitrile 


Carbon Monoxide 


Spontaneous Sputum Sampling” 


Cigarette Collection 15 


Cigarette Pack Colleclion q 


Urine Pregnancy Test r 


Chero, CBC & UA (fasted) 5 _ 

CYP1A2 and NAT2 Phenotyping 1 


Hep & HIV Screen 


Urine Drug Screen 1 * 


♦Visit schedules were to be made to accommodate the subject’s schedule as much as it could. However, visits 
were to be arranged such that a subject completed the sample (blood) collections on 2 of his/her leisure days 
and 2 of his/her non-leisure days. The urine collections w'ere to be scheduled such that 2 collections were to be 
conducted on the subject’s non-leisure days and 1 collection was to be conducted on the subject’s leisure day. If 
a subject was unable to visit the site during Weeks 1, 2, or 3, the visit could have been done during Weeks 4 or 
5, For the Week 6 visit, there was a 7-day window for the visit (i.e.. Week 6 ± 7 days). 
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‘Subjects underwent a telephone screen prior to visiting the site for the Screening visit. The telephone 
screen allowed for the initial eligibility of the potential subject to be determined. 

^Interim medical history only to determine intercurrent illnesses at time of Enrollment. 

'Lung function tests consisted of FVC and FEVj only and must have been >75% of expected to be included 
in the study. 

d Vita1 signs (including oral temperature, respiratory rate, automated seated blood pressure and pulse) 
obtained at Screening, Enrollment, and at each site visit where a blood and/or urine sample was obtained. 
'How Do You Feel? inquiries were performed at each post-Screening vital signs measurement. Any 
reported findings were recorded as an intercurrent illness/physical finding. 
f Any medications being taken by a subject and the reason for its use were documented during each site 
visit. 

^Weekly surveys were administered at the time the subject reported to the research site during Weeks 1, 2, 
3, and 6 . These surveys included questions regarding the activities within the last 8 to 10 hours, smoking 
status and/or exposure, and any changes in the subject’s overall status since the last visit. 
h FulI Questionnaires were conducted at the Enrollment visit and at Week 6 to assess smoking behaviors and 
exposure (household, occupational, and casual [i.e,, hobbies]), demographics, dietary characteristics, and 
overall status of the subjects. Trained interviewers at the study site administered the Questionnaires. 
'Blood samples were collected for determination of acetonitrile and carboxyhemoglobin in whole blood at 
site visits during Weeks 1, 2, 3, and 6 . Blood samples for the determination of hemoglobin adducts of 3- 
and 4-ABP in RBCs were collected at site visits during Weeks 1 and 6 . Blood samples for determinations 
of HDL-cholesterol and LDL-cholesterol, malondialdehyde, fibrinogen, and C-reactive protein in plasma 
or serum were collected at site visits during Weeks I, 3, and 6 . 

Subjects were instructed to complete urine collections during the 24-hour interval prior to site visits for 
Weeks 1, 2, and 3. For each subject, 2 collections were to be scheduled on non-leisure days and 1 
collection was to be scheduled on a leisure day. Samples collected during Weeks 1, 2, and 3 were 
analyzed for malondialdehyde, nicotine and nicotine metabolites, and creatinine. The samples collected 
during Weeks I and 3 were also analyzed for NNAL and NNAL-glucuronide. 
k Results from these analyses were reported as mass/24-hours, tnol/24-hours, tnass/mg creatinine, and 
mol/mg creatinine. 

'Urine samples for 8 -t'p/-PGF 2 « and 1 l-dehydro-thromboxane-B 2 were collected as part of the 24-hour urine 
collections. Additionally, creatinine will also be analyzed in these samples so that they can be reported as 
mass/mg creatinine and mol/mg creatinine. 

m Exhalate samples for determination of acetonitrile were collected into special Tedlar® bags at site visits 
during Weeks 1 , 3, and 6 . Carbon monoxide in exhalate measurements were performed at the research 
site during Weeks 1, 2, 3, and 6 . Collections/measurements occurred within 30 minutes of arrival at the 
research site. 

“Spontaneous sputum samples, if any were produced by the subjects, were to be collected on the morning 
of site visits for Weeks 1, 2, and 3, and during other site visits (i.e.. Enrollment and Week 6 ) as 
appropriate. 

"Subjects were instructed to record smoking consumption and/or exposure to other people’s smoke in a 
diary during a 72-hour interval prior to site visit during Weeks 1, 2, 3, and 6 . 
p Smoking subjects were instructed to collect filters/butts of cigarettes smoked during the interval of the 
72-hour diary recording interval during Weeks i, 2, 3, and 6 . The number of butts collected and the 
number recorded in the diary were compared against each other. Any discrepancies were noted, 
q Smoking subjects were instructed to collect all packs from which a cigarette was removed during the 
72-hour interval prior to site visit (i.e., during diary recording period) during Weeks 1, 2, 3, and 6 . 
r Urine samples were collected from female subjects of child-bearing potential at each site visit for 
pregnancy testing (pregnancy testing was performed at the research site). 

‘Blood samples (were to be after a minimum 6 hour fast) for chemistry and hematology, and urine sample 
for urinalysis were collected at Screening and Enrollment. 

’Urine samples were collected 4 to 5 hours after challenge with caffeine for CYP1A2 and NAT2 
phenotyping of subjects. 

"Urine drug screen did not include alcohol. 
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This study design was suitable to meet the objectives of the pilot study and to determine 
the procedure and best design aspects for the TES. 

6.2 Selection of Study Population 

Subjects were recruited from the research site geographic area using advertising in print 
and via the internet that had been approved by an IRB as per 21 CFR 56. 

Prior to having a potential subject report to the study site, a list of telephone questions 
was answered by the potential subject. The questions asked during the telephone screen 
included items pertaining to age, gender, smoking status, and general inclusion/exclusion 
criteria. A list of sample questions that may have been asked during the telephone screen 
are included in Appendix A of the protocol. 

After a successful telephone screening, the potential subject was invited to the site for a 
Screening visit within 28 days of Enrollment. Prior to the initiation of any study-specific 
procedures, the subject was asked to provide verification of age (i.e., a form of 
government-issued identification with birthdate and photo was obtained from each 
subject and copied for site records, and the subject was asked to sign a form confirming 
their age as 21 years or older). The site interviewer verified the subject’s age by a 
thorough review of the identification provided by the subject. After verification of the 
subject’s age, he/she was asked to read and sign a Covance CRU IRB-approved Informed 
Consent Form (ICF). 

After the ICF was signed, the following procedures were performed, 

1. A medical history was obtained. 

2. A 12-lead ECG was obtained. 

3. Vital signs (including oral temperature, respiratory rate, and 
automated seated blood pressure and pulse) were assessed. 

Seated blood pressure and pulse were measured after the subject 
had been seated for at least 5 minutes. 

4. Blood samples for laboratory evaluations (including chemistry 
and hematology) and urine samples for urinalysis and a screen of 
selected illicit drugs (not including alcohol) were collected. A 
urine pregnancy test was performed for female subjects. 

5. Blood samples for hepatitis and HIV screens were collected. 

6. Lung function tests (FVC and FEVi) were conducted as 
exclusionary factors. 
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7. Site personnel performed a Screening interview. The Screening 
interview consisted mainly of questions related to health/medical 
history, concomitant medications, tobacco use history, and any 
intercurrent illnesscs/physical findings that may have been of 
importance before the subject enrolled in the study. 

6.2.1 Inclusion Criteria 

Subjects who met the following criteria were included in the study: 

1. Males and females, in good health, 21 years of age and older. 

2. Able to understand and willing to sign an Informed Consent Form. 

3. Laboratory evaluations (including chemistry, hematology, and urinalysis) 
within the reference range for the testing laboratory, unless deemed not 
clinically significant by the Investigator. 

4. Negative urine test for selected illicit drugs (did not include alcohol) at 
Screening and at Enrollment. 

5. Negative urine pregnancy test for female subjects at Screening, 
Enrollment, and throughout the duration of the study period. 

6. Smoking status defined as: 

Adult Smokers : regular consumption of a minimum of 1 
manufactured cigarette per day for a minimum of the last 12 
months. 

OR 

Adult Non-smokers : no smoking for the last year and/or using any 
nicotine-containing product such as snuff, chewing tobacco, 
patches, and/or sprays for 3 months prior to Enrollment. 

7. Adult smoking subjects whose cigarettes yielded 3.0 to 6.9 mg tar (FTC 
method) per cigarette. (The tar content was checked using a list of tar 
content as supplied by the Sponsor.) 

6.2.2 Exclusion Criteria 

The following excluded potential subjects from the study: 

1. Persons under the age of 21 years. 

2. Pregnant or nursing women. 

3. Clinical manifestations of significant metabolic, hematological, 
pulmonary, cardiovascular, gastrointestinal, neurologic, hepatic, renal, 
urological, or psychiatric disorders. 
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4. Pulmonary function tests of <75% of the expected normal levels for FVC 
and FEVj. 

5. Renal insufficiency, as defined by serum creatinine levels of >1.3 mg/dL 
for females and >1.5 mg/dL for males. 

6. Active fever at time of Screening or Enrollment, defined as measured oral 
temperature greater than 100.2°F. 

7. Class III or Class IV congestive heart failure. 

8. Class I or Class II congestive heart failure with decompensation in their 
cardiac status within the past 6 months. 

9. Active and symptomatic liver disease or presence of liver enzymes more 
than 1.5 times the upper limit of normal. 

10. Positive HIV or hepatitis result at Screening or Enrollment or at any time 
during the study duration. 

11. Presence of an abnormal ECG at Screening, which, in the Investigator’s 
opinion, was clinically significant. 

12. History of drug addiction within 12 months prior to study entry (i.e., prior 
to Enrollment). 

13. Any other condition or prior therapy which, in the opinion of the 
Investigator, would have made the subject unsuitable for the study. 

14. Adult Smokers: 

• Consumption of less than 1 manufactured cigarette of a specified 
brand per day for a minimum of 12 months. 

• Switched brands during the last 3 months prior to Enrollment. 

• Smoked a brand outside of the specified range of tar delivery (3.0 
to 6.9 mg/cigarette) within the last 3 months prior to Enrollment. 

• Used a different brand of cigarettes than their preferred brand at a 
rate of more than 10% of daily consumption during the last 3 
months prior to Enrollment. 

• Used any other nicotine-containing product other than 
manufactured cigarettes (including roll-your-own cigarettes, bidis, 
snuff, nicotine inhaler, pipe, cigar, chewing tobacco, nicotine 
patch, nicotine spray, nicotine lozenge, or nicotine gum) within 3 
months prior to Enrollment. 

15. Adult Non-smokers: 

• History of smoking within the past 12 months. 

• History of use or used any tobacco- or nicotine-containing product 
(including cigarette, roll-your-own cigarettes, bidis, snuff, nicotine 
inhaler, pipe, cigar, chewing, nicotine patch, nicotine spray, 
nicotine lozenge, or nicotine gum) within 3 months prior to 
Enrollment. 
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16. Donation or receipt of whole blood or blood products within 3 months 
prior to Enrollment, or during the study period. 

17. Participation in a clinical study for an investigational drug, device, or 
biologic within 3 months prior to Enrollment. 

18. Any person who was a current or former employee of the tobacco 
industry, or their first-degree relatives (parent, sibling, child). 

19. Any person who was a current employee of the contract research 
organization (i.e., Covance) or their first-degree relatives. 

6.2.3 Removal of Subjects 

Subjects were informed that they were free to withdraw from the study at any time and 
for any reason. The Principal Investigator may have removed a subject from the study if, 
in the Investigator’s opinion, it was not in the best interest of the subject to continue the 
study, such as, the occurrence of an exclusion criterion which was clinically relevant and 
may have affected subject safety. Notification of discontinuation was to be made 
immediately to the Sponsor and Study Monitor. In the case of premature discontinuation 
of study participation, efforts were made to perform all final study day assessments and 
the Study Completion page of the CRT was completed. The date the subject was 
withdrawn from the study and the reason for discontinuation was recorded on the 
subject’s CRF. 

6.3 Study Conduct 

Subjects were requested to alter their daily routines very minimally in order to be 
available for site visits and sample collections. The visits were to be scheduled such that 
any given visit was to occur at the end of the 72-hour collection period of the 
diary/cigarette butts during Weeks 1, 2, and 3 (corresponded to the end of the 24-hour 
urine sample collection periods) and also at Week 6. Because of the extended collection 
of the diary and urine samples, the visits were scheduled no less than 4 days apart. 

So as to interrupt regular smoking behaviors as minimally as possible, adult smoking 
subjects were allowed to smoke in designated areas during the site visits. 

After Enrollment, subjects were requested to visit the research site during 4 separate 
occasions. These visits were to be scheduled, as allowed by the subject’s schedule, such 
that the subject visited the site and underwent the blood collections on 2 of his/her leisure 
days and on 2 of his/her non-leisure days (leisure vs. non-leisure as defined by the 
subject). The visits during Weeks 1, 2, and 3 were to be scheduled at the end of the 
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24-hour urine collection and were to be split so that the subjects were completing the 
collections of urine on 2 of their non-leisure days and 1 of their leisure days. The Week 6 
visit was to be scheduled at the subject’s convenience on a leisure day (due to split of 
Week 1,2, and 3 visits, the Week 6 visit was expected to be a leisure day visit) However, 
the visit schedule was modified to fit the subject’s schedule and may not have followed 
this scheme. 

If a subject was unable to report to the site during one of the first 3 weeks, a visit may 
have been rescheduled during Weeks 4 or 5 to make up for the missed visit. The 
collection of samples was in sequential order even if a week was missed. The actual 
calendar dates of collection were recorded on the sample labels. The subject may have 
scheduled the Week 6 visit ±1 week from the “nominal” scheduled timepoint for the final 
visit (i.e., there was a 14-day window for the final site visit). 

Study procedures to be performed at the respective site visits are outlined in Table 6.1-1. 
At the Enrollment visit, the subject was given the supplies he/she needed to collect the 
samples for the Week 1 visit. The subjects were given instructions on the collections and 
the Week 1 visit was scheduled. The same procedures were performed at subsequent 
visits (i.e., when the subject returned the samples for Week 1, they were given the 
supplies for collection of the Week 2 samples). 

At each site visit, the subjects underwent the following procedures: vital signs 
measurement, “how do you feel?” (HDYF?) inquiry, assessment of concomitant 
medications, collection of any spontaneous sputum samples (both those collected at home 
or those produced at the site), blood sampling (both for selected biomarkers [certain 
markers were not tested at every visit] and for HTV/hepatitis screens [tested at every 
visit]), exhalate sampling/testing for respective biomarkers, and a urine pregnancy test for 
females. At site visits on Weeks I, 2, and 3, the subjects returned the urine collection 
containers from the 24-hour collections. 

6.3.1 Study Visit Schedule 

6.3.1.1 Screening 

At the time of the Screening visit, after the potential subject and a witness signed the ICF, 
the potential subject was given a screening number by which to have his/her samples 
tracked. The screening number consisted of the letter “S” followed by a 3-digit unique 
subject identification number. 
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6.3.1.2 Enrollment 

When a subject was approved for the study (i.e., all inclusion and exclusion criteria were 
evaluated), the subject was assigned a number by Covance CRU staff that consisted of 
the Sponsor’s Project Number followed by a 3-digit unique subject identification number 
(e.g,, Subject Numbers 1148-001 to 1 148-135). Assignment of numbers was performed 
based upon the subject’s gender and smoking status as follows: 

• Subject Numbers 1148-001 through 1148-035 were adult female smokers 

• Subject Numbers 1148-036 through 1148-070 were adult male smokers 

• Subject Numbers 1148-071 through 1148-103 were adult female non-smokers 

• Subject Numbers 1148-104 through 1148-135 were adult male non-smokers 

Assignment of subject numbers was in ascending order within the subgroups. If, for any 
reason, a subgroup did not have enough subjects to complete the numbering sequence, 
the remaining number(s) were not to be used. 

Additional subjects were to be enrolled in a full subgroup as needed. Additional subjects 
were to be assigned subject numbers beginning with 1148-500 and continuing in 
sequential order until all subjects received a unique number. No differentiation between 
numbers assigned to adult smokers and non-smokers was done for the additional subjects 
(i.e., the numbers were assigned in ascending order regardless of smoking status and 
gender). 

6.3.2 Visits at Weeks 1, 2, 3, and 6 

6.3.2.1 Prior and Concomitant Medications 

Any medication taken by a subject during the course of the study and reason for its use 
was documented during each site visit and in the subject’s CRF. There were no 
restrictions on the use of concomitant medications before or during the study. 

6.3.2.2 Subject Compliance 

Subject compliance with the protocol specifications and general inclusion/exclusion 
criteria (i.e., changes in smoking behaviors) was evaluated at each site visit by questions 
asked of the subject at the time they arrived at the site. Many subjects, particularly 
smokers, who seemed to answer the check-in questions satisfactorily (e.g., subject 
indicated no changes in smoking behavior) were subsequently disqualified from the 
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analysis due to apparent violations of inclusion/exclusion criteria as identified on the 
Questionnaire/Weekly Survey (e.g., least number of cigarettes smoked since last 
visit/within last 3 months = 0 whereas the inclusion criteria states a minimum of 1 per 
day) which were not analyzed until all subjects had completed the study. 

C.3.2.3 Diet, Fluid, and Activity Control 

Since this study had an out-patient visit design, no diet, fluid, or activity control was 
incorporated. The subjects were instructed to continue their normal daily activities during 
the study period. 

6.3.2.4 Safety Measures 

Measures of subject safety, including vital signs for all subjects, urine pregnancy tests for 
all female subjects, and HDYF? inquiries for all subjects, were obtained at each of the 
site visits for Weeks 1, 2, 3, and 6. 

6.3.2.5 Other Procedures 

Collection of blood, urine, exhalate, and sputum samples were carried out at each visit for 
Weeks 1, 2, 3, and 6 as defined in Table 6.1-1 for various biomarker analyses and/or 
HIV/Hepatitis testing. 

Each subject was administered a Weekly Survey/Questiormaire on tire respective weeks 
(i.e., Weekly Survey on Weeks 1, 2, and 3 and Questionnaire on Week 6). These 
survey s/questionnaires were used to determine the subject’s overall health status, changes 
in habits/behaviors, cigarette consumption (for smokers), and exposure to ETS. 

Additionally, each smoking subject was requested to collect the filters from all cigarettes 
smoked during the urine collection periods for Weeks 1, 2 , and 3 and return them to the 
study site. A corresponding diary was to be kept by all subjects (smokers for cigarette 
consumption and non-smokers for exposure to ETS) and returned to the site during the 
Week 1, 2, 3, and 6 visits. 

6.4 Biomarker and Safety Variables, Questionnaires and Phenotyping 

The following sample collections were conducted at various times during the study. The 
listed biomarkers were assessed at various timepoints throughout the study period to 
determine the extent of exposure and uptake of smoke constituents. Safety variables were 
assessed for informational purposes only (NOTE: Some “safety” parameters were also 
used as biomarkers of effect). 
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6.4.1 Biomarker/Information Measurements 

Blood, urine, and exhalate specimens were collected for biomarker analysis. The samples 
were analyzed by various methods at the analytical laboratories. 

6.4.1.1 Sample Collections for Biomarker Analysis 

Blood samples were collected by site phlebotomists in collection tubes as outlined in 
Table 6.4.1.1-1. 


Table 6.4.1.1-1 Blood Biomarkers 


Biomarker 

Sample Matrix/Tube Volume/Type 

Collection Schedule 

Acetonitrile 

Whole Blood in a 6 mL KvEDTA tube 

Weeks 1, 2, 3, and 6 

Carboxyhemoglobin 

Whole Blood in a 3 mL KjEDTA tube 

Weeks 1 , 2 , 3 , and 6 

3- ABP-Hb and 

4- ABP-Hb adducts 

RBCs from Whole Blood collected in a 

10 mL K S EDTA tube 

Weeks 1 and 6 

Malondialdehyde 

Plasma from 10 mL of blood collected in 
a KJEDTA tube 

Weeks 1, 3, and 6 

BDL-cholesterol, 

LDL-cholesterol, 

C-reactive protein 

Serum from a 5 mL SST tube 

Weeks 1, 3, and 6 

Fibrinogen 

Plasma from a 2.7 mL Citrate tube 

Weeks 1, 3, and 6 


The blood samples were processed, as appropriate, at the research site, including the 
washing of the RBCs for the hemoglobin adducts. The resulting matrices were shipped to 
Covance Central Laboratory Sendees (CCLS) for distribution to the appropriate 
analytical laboratories. 

A total of 3 urine collections were performed by the subjects outside of the research site, 
each over a 24-hour interval, for determination of the biomarkers listed in Table 6.4.1.1-2. 

Table 6.4.1.1-2 24-Hour Urine Biomarkers 


Biomarker 

Number of Aliquots/ 

Aliquot Volume 

Collection 

Schedule 

Malondialdehyde 

2 aliquots of 4 mL each 

Weeks 1,2, and 3 

Nicotine and Nicotine 
Metabolites 

4 aliquots of 5 mL each 

Weeks 1, 2, and 3 

NNAL and NNAL- 
glucuronide* 

7 aliquots of approximately 

100 mL each* 

Weeks 1 and 3* 

1 l-Dehydro-thromboxane-B 2 

2 aliquots of 5 mL each 

Weeks 1, 2, and 3 

8-ep/-PGF2a 

2 aliquots of 5 mL each 

Weeks 1, 2, and 3 

Urine creatinine (24-hour) 

1 aliquot of 10 mL 

Weeks 1, 2, and 3 


* NOTE: The method for the analysis of NNAL and NNAL-glucuronide was not validated; therefore, these 
data are not presented in the narrative portion of this report. 
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The subjects were each given a urine collection device, several large urine collection 
containers, and a cooler-type storage unit (equipped with ice packs/cooling packs) prior 
to their scheduled collection period. The subjects were instructed in the collection of the 
urine samples: they were instructed to collect each void into the urine collection device 
and that the void should be added to the large collection containers and kept cool. When 
the subject returned the urine collection after a specified period, the uiine was processed 
at the research site and the aliquots were shipped to CCLS for distribution to the 
appropriate analytical laboratory. 

Exhalate samples for determination of acetonitrile were collected into Tedlar® bags at 
Weeks 1, 3, and 6 for each subject. The contents of the bags were processed to transfer 
the exhaled air onto thermal desorption tubes using sampling pumps. The tubes were 
shipped to CCLS for distribution to the appropriate analytical laboratory. Additionally, 
the level of carbon monoxide in exhalate for each subject was determined using a Micro 
Medical MicroCO Meter at the research site. The display on the instrument was recorded 
and subsequently transcribed into each subject’s respective CRF, 

Subjects were given a sterile container for collection of spontaneous sputum samples on 
the morning of their site visits. The subjects were instructed to collect any sputum in the 
morning of the day they were scheduled to visit the research site. Additionally, the 
subjects were asked when they returned to the site to attempt to collect any spontaneous 
sputum sample. The samples were processed at the research site and shipped to CCLS for 
storage and possible further analysis. 

Adult smoking subjects were asked to collect all of their cigarette butts and the packs 
from which they smoked a cigarette during the 24-hour urine collection intervals. The 
cigarette butts/filters were subsequently analyzed for residual nicotine levels. 

6.4.1.2 Biomarker Analytical Methods 

Analytical methodologies for the determinations of the biomarkers in this study were to 
be validated by the analytical laboratory according to FDA Guidance for Industry: 
Bioanalytical Method Validation (May 2001; http ://www.fda. gov/ eder/ guidance 
/4252fnl/pdf) prior to their use in this study, or were standard CAP and CLIA methods or 
widely marketed standard technology (instrument for measurement of CO). Because the 
NNAL and NNAL-glucuronide assay did not validate, the NNAL and NNAL- 
glucuronide values are considered invalid data and are not presented in the narrative 
portion of this report. 
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The analytes, the laboratory performing the analysis, and the method used for analysis are 
presented in Table 6.4.1.2-1. Further descriptions of the methods are provided after the 
table and the respective analytical reports are provided in Appendix 16.2 (for those 
analyses that were performed at a non-clinical, analytical laboratory). Listings of 
individual biomarker results by subject (for all subjects) are included in Section 16.3 
(biomarkers of exposure) and Section 16.4 (biomarkers of effect). 


Table 6.4.1.2-1 Biomarkers, Analytical Sites, and Methods 


Biomarker/Matrix 

Analysis 

Site 

Method 

Acetonitrile in Blood 

Covance Laboratories - Madison 

Headspace GC-NPD 

Acetonitrile in Exhalate 

Covance Laboratories - Madison 

Thermal Desorption GC-NPD 

Carboxyhemoglobin in Blood 

Covance Central Laboratories 

IL Muiti-4 CO-Oximeter (Serial 

No. 01000875) 

3-ABP-Hb and 4-ABP-Hb adducts in 
RBCs 

Covance Laboratories - Harrogate* 

GC with negative-ion chemical 
ionization MS detection 

HDL-cholesterol and 

LDL-cholesterol in Serum 

Covance Central Laboratories 

Standard CAP and CLIA methods 

Malondialdchyde in Blood and Urine 

Covance Laboratories - Harrogate 

Thiobarbituric acid derivatization 
and HPLC with fluorescence 
detection. 

C-Reactive Protein in Serum 

Covance Central Laboratories 

Dade Behring Nephelometer 

Fibrinogen In Plasma 

Covance Central Laboratories 

MLA 1600 

Nicotine and Metabolites in Urine 

Covance Laboratories - Harrogate* 

LC-MS/MS 

NNK Metabolites in Urine 

Covance Laboratories - Madison* 

GC with TEA detection 
(NOTE: this method did not 
validate.) 

11 -Dehydro-thromboxane-B, in Urine 

Covance Laboratories - Harrogate 

Microplate immunoassav 

8-e/»'-PGF,„ in Urine 

Covance Laboratories - Harrogate 

Microplate immunoassav 

Carbon Monoxide in Exhalate 

Covance Clinical Research Unit 

Micro Medical MicroCO Meter 


* A sample split was provided to the Sponsor’s laboratory (INBIFO) for comparison of 
results. The results for the laboratory comparisons are described later in the report 
(Section 12). 

A brief description of each method is included below. The analytical reports for the 
biomarkcrs are presented in Appendix 16.2. 

6.4.1.2.1 _ Biomarker: Acetonitrile in Blood 

A 3.0-mL sample aliquot was placed in a 10-mL headspace jar containing 3.0-mL of 
0.9% sodium chloride solution. The solution was loaded on the headspace autosampler 
and agitated at 86°C for 15 minutes prior to injection. The samples were analyzed using 
the gas chromatograph (GC) parameters with NFD detection as outlined in the analytical 
report. The LLOQ of the method was 30.0 ng/mL. For further information on the assay 
and individual results, refer to the analytical report, included in its entirety in Appendix 
16.2. 
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6.4.1.2.2 _ Biomarkcr: Acetonitrile in Exhalate 

The bags’ contents were transferred to thermal desorption (TD) tubes packed with 
Tenax/Anasorb GCB1 using an air sampling pump. The tubes were then loaded on the 
ATD 50 autosampler and analyzed using the autosampler/GC parameters outlined in the 
analytical report. The LLOQ of the method was 7500 pg/mL. For further information on 
the assay and individual results, refer to the analytical report, included in its entirety in 
Appendix 16.2. 

6.4.1.2.3 _ Biomarker: 3-ABP-Hb and 4-ABP-Hb Adducts 

Washed RBC samples (approximately 5 rnL) were lysed by the addition of ice-cold water 
(15 mL) followed by phosphate buffer (0.67 M, pH 6.6; 5 mL), prior to 
ultracentrifugation (38,000g; 30 minutes) to remove the cell debris. Supernatants were 
transferred into lengths of Visking dialysis tubing (MWt cut-off 12-14,000 Daltons) and 
dialyzed against 6 changes of water (Milli-Q grade) over a period of 2-3 days. The 
concentration of hemoglobin in each dialyzate was then determined using Drabkin’s 
method, before hydrolysis of the 3-ABP and 4-ABP hemoglobin adducts with 0.1 M 
sodium hydroxide (1 hour, room temperature). Liberated ABPs were then concentrated 
using solid phase extraction (Ci 8 reversed phase), eluted with chloroform, and the 
extracted ABPs taken to dryness using a vacuum centrifuge. ABPs were then derivatized 
with pentafluoropropionic anhydride in hexane, to form PFP amides, taken to dryness 
using a vacuum centrifuge and reconstituted in ethyl acetate prior to analysis using 
capillary GC-MS. The LLOQ of the method was equivalent to 0.5 pg/g Hb. For further 
information on the assay and individual results, refer to the analytical report, included in 
its entirety in Appendix 16.2. 

Batches containing reportable data were required to meet acceptance criteria as outlined 
in the analytical protocol. Due to the complexity of the assay, and the fact that there was 
no opportunity to perform repeat sample analysis, data were reported from batches that 
failed to satisfy the protocol acceptance criteria (see Section 12.2.2). 

6.4.1.2.4 _ Biomarker: Malondialdehyde in Blood 

Malondialdehyde is an endogenous compound in human plasma and, therefore, water 
was used as a replacement calibration matrix within this assay. Malondialdehyde in 
human plasma/replacement calibrant was subjected to acidification with trichloroacetic 
acid. Acidified plasma/replacement calibrant was subjected to derivatization with 
thiobarbituric acid (90 minutes at 95°C plus a further 20 hours refrigerated) prior to 
injection for analysis using HPLC with fluorescence detection. The LLOQ of the method 
was 0.4 pmol/L. For further information on the assay and individual results, refer to the 
analytical report, included in its entirety in Appendix 16.2. 
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6.4.1.2.5 _ Biomarker; Malondialdehyde in Urine 

Similar to the malondialdehyde in plasma method outlined above, water was used as a 
replacement calibration matrix within this assay. Malondialdehyde in human 
urine/replacement calibrant was subjected to derivatization with thiobarbituric acid (90 
minutes at 95°C). After cooling, samples were mixed and submitted for analysis using 
HPLC with fluorescence detection. The LLOQ of the method was 0.4 pmol/L. For 
further information on the assay and individual results, refer to the analytical report, 
included in its entirety in Appendix 16.2. 

6.4.1.2.6 _ Biomarker: Nicotine and Nicotine Metabolites in Urine 

Nicotine, cotinine, and trans-'i '-hydroxycotinine, the glucuronides of all three, and their 
respective deuterated internal standards (except for /ra«j?-3’-hydroxycotinine-f2- 
glucuronide) were extracted from human urine using mixed-mode solid phase extraction 
(reversed phase/cation exchange). Analytes were eluted with ammonia (5% v/v) in 
methanol and, following evaporation of the elution solvent, extracts were dissolved in 
reconstitution solution (10 raM ammonium acetate, pH native : methanol : triethylamine 
800:200:0.1 v/v/v) and injected for analysis using LC-MS/MS. The LLOQ of the method 
was 1 ng/mL. 

Reported values are expressed in terms of “free” and “total” analyte concentrations. Free 
concentration refers to the levels of non-conjugated analytes (aglycones) nicotine, 
cotinine, and trans-'i '-hydroxycotinine present in each sample. Total concentration refers 
to the sum of the free concentration and the concentration of nicotine, cotinine, and trans- 
3'-hydroxycotinine liberated from their respective glucuronides following enzymatic 
deconjugation. 

In the absence of analytical reference standard material for iraw,s-3'-hydroxycotinine-<9- 
glucuronide, reported concentrations for “total” rra«.y-3'-hydroxycotinine are an estimate 
only. 

For further information on the assay and individual results, refer to the analytical report, 
included in its entirety in Appendix 16.2. 

6.4.1.2.7 _ Biomarker: NNK Metabolites in Urine 

Because the NNAL and NNAL-glucuronide assay did not validate, the NNAL and 
NNAL-glucuronide values are considered invalid data and are not presented in the 
narrative section of this report. 
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The NNK metabolites and the internal standard were extracted from human urine using 
ethyl acetate, partitioned to pH 2.0 water, and purified with solid-phase extraction on an 
Oasis® column. The purified and dried extracts were derivatized with 
6 zs-(trimethyIsiIyI)trifluoroacetamide/trimethylchlorosilane (BSTFA/TMCS) for 
detection by GC with thermal energy analysis (GC-TEA). Tire LLOQ of the method was 
6 pg/mL. For further information on the assay methodology, refer to the analytical report 
in Appendix 16.2. 

6.4.1.2.8 _ Biomarkers Not Analyzed at Analytical Laboratories: 

Biomarker: H-Dehvdro-Thromboxane-B? in Urine 

This was a microplate EIA immunoassay (Cayman Chemical catalog #519501; Ann 
Arbor, MI). Assay performance was demonstrated to be consistent with specifications 
listed by the kit manufacturer. 

This assay was based on the competition between 1 l-dehydro-tlrromboxane-Bi and an 
11 -dehydro-throttiboxane-B 2 acetylcholinesterase conjugate (11-dehydro-TXB tracer) for 
a limited number of 1 l-dehydro-thromboxane-B 2 specific rabbit antiserum binding sites. 
A four parameter logistic curve using a lin/log plot was used to calculate results. The 
LLOQ is 140 pg/mL*. The upper limit of quantitation is 4500 pg/mL. 

(*The actual assay LLOQ was 14.0 pg/mL, but all samples were routinely diluted ten-fold prior to 
analysis, so the reportable LLOQ was 140 pg/mL .) 

The intra-assay imprecision was 7% CV at a mean value of 14.03 pg/mL, while the inter¬ 
assay imprecision was 7.1% at a mean value of 14.02 pg/mL, 7.3% at a mean value of 
31.52 pg/mL, 9.4 % at a mean value of 173.74 pg/mL, and 8 . 6 % at 348.79 pg/mL. 
Recovery of 11 -dehydro-thromboxane-B^ from a spiked urine sample was 106.6%. No 
in-house range had been established at the time of this analysis. 

Biomarker: 8-g/;/‘-Prostaglandin-F?„ in Urine 

This assay is based on the competition between 8 -epz-prostaglandin-F 2a and an 8 -epi- 
prostaglandin-F 2 a-acetylcholinesterase conjugate ( 8 -cp/-prostaglandin-F 2 a tracer) for a 
limited number of S-c/L-prostaglandm-lLu specific rabbit antiserum binding sites. A four 
parameter logistic curve using a lin/log plot is used to calculate results. The LLOQ was 
100 pg/mL* and the ULOQ was 4500 pg/mL. 

(*The actual assay LLOQ was conservatively set at 10.0 pg/mL [although in validation analyses it was 
measured at 8. 7 pg/mL (intra-assay) and 8.4 pg/mL (inter-assay)], but all samples were routinely diluted 
ten-fold prior to analysis, so the reportable LLOQ was 100 pg/mL.) 
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The intra-assay imprecision was 12% CV at a mean value of 8.68 pg/mL, while the inter¬ 
assay imprecision was 9.8% at a mean value of 8.47 pg/mL, 10.53% at a mean value of 
20.39 pg/mL, 10.54 % at a mean value of 93.46 pg/mL, and 14.66% at 185.45 pg/mL. 
Recovery of 8 -ty?/-prostagIandin-F 2 a from a spiked urine sample was 87.4%. No in-house 
range had been established at the time of this analysis. 

Biomarkers: HDL- and LDL-cholesteroI. Fibrinogen, C-reactive Protein, and 
Carboxvhemoglobin 

These analytes were analyzed by Covance Central Laboratory Services (Indianapolis, IN) 
and data were transferred through a secure, dedicated data link from the Covance 
Indianapolis database to the Covance Madison database tor statistical analysis. 

Carbon Monoxide 

The carbon monoxide levels were measured directly at the research site using a Micro 
Medical MicroCO Meter and recorded in each subject’s respective CRF. 

6.4.1.4 Questionnaire/Weekly Survey 

During visits at Enrollment and Week 6 , the subjects were administered a Questionnaire. 
During the visits for Weeks 1, 2, and 3, the subjects were administered a Weekly Survey. 
These tools allowed for the in-depth collection of demographics, exposure to ETS, 
exposure to other agents that may have affected biomarkers, and lifestyle/health/dietary 
infonnation. 

After collection of blood, urine, and/or exhalate samples, a trained interviewer escorted 
the subject to an area separate from other procedures being performed. The interviewer 
was seated at a computer terminal and the subject was placed such that he/she could not 
see the screen but had face-to-face interaction with the interviewer. Both subject and 
interviewer had a hard copy of the Questionnaire for ease of following the questions and 
giving/recording answers. Whenever possible, the answers given by the subjects were 
recorded directly into the computer system by the interviewer. Due to system limitations, 
many of the answers to the questionnaires were not able to be recorded directly into the 
computer system. The results for these questionnaires were recorded on the paper copy of 
the questionnaire by the interviewer or a separate transcriptionist and entered into the 
system at a later date. This led to some discrepancies between answers from the first 
questionnaire to the weekly surveys and to the last questionnaire. These discrepancies 
may have disqualified a subject from the analysis based upon an inclusion/exclusion 
criterion being violated or other qualifying traits that were determined to be false using 
the responses to the questionnaires/weekly surveys. 
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The interviewer read aloud tire questions as they appeared on the computer screen/hard 
copy. The subjects were instructed to answer to the best of their ability. All efforts were 
to be made to have the subjects answer all questions; however, if a subject refused to 
answer any specific question, the refusal was to be noted by the interviewer. If the subject 
asked for clarification or indicated confusion about the intent of the question, the 
interviewer was to mark a check box on the computer screen (or note on the hard copy) to 
indicate the subject’s confusion. This allowed for an exploration of questions that might 
need to be examined further before the larger TES. 

At each site visit during Weeks 1, 2, and 3, the subjects were asked a series of questions 
relating to tobacco smoke exposures (household, transportation, and occupational), 
primary activities within the past 8 to 10 hours, transportation, and smoking consumption 
for smoking subjects (i.e., they were given the Weekly Survey). Additionally, before 
collection of any blood/urine/exhalate samples, smoking subjects were asked for the 
approximate time of their last cigarette. The process for conduct of the Weekly Surveys 
was similar to that described above for the Questionnaires. 

6.4.1.5 Diary/Cigarette Butt and Cigarette Pack Collection 

A diary was given to each subject before the scheduled urine collections during Weeks 1, 
2, 3, and 6. Each subject was instructed to record activities relating to exposure to other 
people’s tobacco smoke and the perceived intensity of the exposure (non-smoking 
subjects) and/or smoking consumption (smoking subjects) during the 72 hours prior to 
reporting to the research site. Separate diary types (i.e., with separate instructions) were 
provided to smokers and non-smokers. 

The smoking subjects were given a high density polyethylene (HDPE) container into 
which they were asked to collect their unsmoked cigarette portions (including filter) 
during the 72-hour period prior to the research site visits during Weeks 1, 2, 3, and 6 (i.e., 
during the diary recording interval). 

The smoking subjects were also given a ziplock bag into which to collect their cigarette 
packs that were emptied during the 72-hour period prior to the research site visits during 
Weeks 1, 2, 3, and 6. The packs were used for verification of the brand/type of cigarette 
filters returned to the site. If the subject reported to the site with a pack that was not 
empty, a photocopy of the pack was obtained. After verification of the brand/type of 
cigarettes, all packs were photocopied and the empty packs were destroyed/discarded by 
the research site (any packs that still contained cigarettes were returned to the subject). 
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The filters collected were counted, stored at ambient temperature until shipped, and sent 
to the Sponsor’s laboratory (INBIFO) for analysis of nicotine content, according to 
subprotocols. The number of collected cigarette portions and packs were compared to the 
recorded smoking consumption in the subject’s diary and the subject’s response in the 
Weekly Survey (Question 4). Any discrepancies between the recorded amount and the 
number of butts/packs submitted were recorded. For analysis purposes, the subject’s 
response in the Weekly Survey (Question 4) was used as the number of cigarettes smoked 
daily. 

6.4.2 Phenotyping 

The phenotyping of subjects for the CYP1A2 and NAT2 activities was performed at the 
Enrollment visit. Tire subjects were asked to refrain from consumption of caffeine or 
methylxanthine-containing products for a minimum of 8 hours prior to reporting to the 
site. After collection of any blood/urine samples for other analytes/screens, the subjects 
were each given 200-mg caffeine (No-Doz®, 1 caplet at 200 mg) with 240 mL of water. 
A urine sample for phenotyping was collected from each subject between 4 and 5 hours 
after the caffeine administration. A light caffeine-free meal may have been provided to 
the subjects after the administration of the caffeine dose. 

The determination of the phenotypes for the subjects was based on the concentrations of 
caffeine metabolites in urine. The preferred method of monitoring CYP1A2 activity was 
via the ratios of caffeine metabolites in urine. This method also allowed the NAT2 
phenotype to be determined. The Butler method (Ref. 1) with a modification by Gross 
(Ref. 2) was used to determine the activity of CYP1A2 and NAT2 phenotypes. The ratios 
and subsequently the phenotypes of the subjects were determined according to the 
following cutoffs: 

(17U + 17X)/137X Value <4.6 “low activity” CYP1A2 metabolizer phenotype 
AFMU/1X Value <0.6 “slow” NAT2 acetylator phenotype 

6.4.3 Safety Variables 

The following safety variables were assessed at various timepoints throughout the study 
period to ensure that the subjects remained healthy and/or for exclusionary purposes. 

6.4.3.1 12-Lead ECGs 

A 12-lead ECG was obtained at Screening only as an exclusionary measure. 
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6.4.3.2 Screening Lung Function Tests 

At Screening, all of the subjects performed a lung function test to determine their 
eligibility for the study. Spirometry measurements were conducted at the research site 
using a Spirometries FLOWMATE V PLUS spirometer (Spirometries Medical 
Equipment Company). The subjects were instructed in the performance of the tests prior 
to the measurements being recorded. If necessary, 2 measurements were conducted to 
ensure the subject understood the instructions/instrument. If the subject’s results were 
satisfactory and met the entrance criteria on the initial measurement, the second 
measurement/test was not necessary. If, however, the subject’s results did not meet the 
entrance criteria on the initial measurement, the subject performed a second test. In order 
to be eligible for the study, the FVC and FEVj measurements had to be >75% of the 
expected value. No formal statistical analysis was planned or completed for the lung 
function tests. 

6.4.3.3 Physical Examinations 

A physical examination was performed only at Enrollment, 

6.4.3.4 Laboratory Evaluations 

Blood samples for chemistry determinations were collected using SST tubes (to obtain 
approximately 2 mL of serum) and blood samples for hematology determinations were 
collected using a 3-mL K 3 EDTA tube. Blood samples were collected at Screening and 
Enrollment for chemistry and hematology analyses. 

Blood samples for HIV antibody, Hepatitis B Surface Antigen, and Hepatitis C Antibody 
screens were collected at each site visit. 

Urine samples for urinalysis were obtained at Screening and Enrollment. A urine sample 
for a drug screen that included assays for selected narcotics and selected illicit drugs was 
collected at Screening and Enrollment. In order for subjects to continue participating in 
the study, the urine drug screen at Enrollment had to be negative and the pregnancy tests 
for females had to continue to be negative throughout the study. 

All blood samples for chemistry, hematology, and HIV/hepatitis screens and all urine 
samples (with exception of pregnancy tests) were analyzed by CCLS. 

Statistical analysis of laboratory data was limited to descriptive statistics and p-values of 
comparisons between smokers and non-smokers within each gender and overall. 
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6.4.3.5 Vital Signs 

Vital signs (including oral temperature, respiratory rate, and automated seated blood 
pressure and pulse) were obtained at Screening, at Enrollment, and at each site visit. 

No formal statistical analysis was performed on the vital signs data. 

6.4.3.6 Urine Pregnancy Test 

A urine sample was collected from each female subject at each site visit for pregnancy 
testing. The test was performed at the research site using a commercially available kit. If 
a female subject became pregnant during the study, she would have been immediately 
discontinued from participation in the study, informed of the possible risks to the fetus by 
the maternal behaviors (i.e., smoking/drinking), and referred to her primary care provider. 

6.5 Statistical Methods 

This section and its related subsections present statistical methodology and type of 
analyses used to address the study objectives. 

6.5.1 Statistical and Analytical Plans: Biomarkers 
Exposure Variables 

The calculations used to derive exposure variables are presented in Table 6.5.1-1. 
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Table 6.5.1-1 Calculations of Exposure Variables 


Self-exposure 

Total number of cigarettes from preferred and alternate brand 
during either past 3 months prior to Enrollment or past 3 days 
prior to sample collection multiplied by the corresponding FTC 
reported CO, nicotine, or tar value multiplied by the length of 
cigarette consumed raised to the powe/ofl .27 multiplied by 
how deep a person inhales (1/3 = into the mouth, 2/3 = into the 
throat, and 1 — into the chest and lung). 

Exposure from Spouse 

Total number of cigarettes smoked when together multiplied 
by the duration (hours) during past 3 months prior to 
Enrollment or past 3 days prior to sample collection. 

Exposure from Others 

4 

The sum of the total number of cigarettes smoked by each 

person when together at home multiplied by the duration 
(hours) during the past 3 months prior to Enrollment or past 3 
days prior to sample collection. 

Exposure at Workplace 

Duration (hours) of exposure during past 3 months prior to 
Enrollment or past 3 days prior to sample collection multiplied 
by the intensity of smoke (1 = light, 2 = moderate, and 3 = 
heavy). 

Exposure in Vehicles 

Duration (hours) of exposure during past 3 months prior to 
Enrollment or past 3 days prior to sample collection multiplied 
by the intensity of smoke (1 = light, 2 = moderate, and 3 = 
heavy). 

Exposure in Places 

Duration (hours) of exposure during past 3 months prior to 
Enrollment or past 3 days prior to sample collection multiplied 
by the intensity of smoke (1 = light, 2 — moderate, and 3 = 
heavy). 



The choice of CO, nicotine, or tar depended on the smoke constituent(s) represented by 
the biomarker. The choice of adjustment by 3-month period or 3-day period depended on 
the biomarker’s half-life. Calculations were performed using both 3-month exposure 
period and 3-day exposure period for biomarkers with unknown half-lives. 
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Descriptive Statistics and Nonparametric Analyses 

Summary statistics such as frequency, arithmetic mean, geometric mean, standard 
deviation, standard error, quantiles (5 th and 95 th percentiles), and range were presented for 
all biomarkers of exposure and biomarkers of effect. Summary statistics were also 
presented for CRF, Enrollment Questionnaire, and Weekly Survey data. Graphical 
displays such as frequency plots, scatter plots, box-plots, and interaction plots were 
presented for biomarkers with selected units of interest and data collected during Week 1. 
Graphical displays of biomarkers showing trend over time were also presented. 

Biomarkers of exposure and biomarkers of effect were compared between smokers and 
non-smokers, between male smokers and male non-smokers, and between female 
smokers and female non-smokers. Wherever possible, comparisons were made by 
categorical variables gathered in the CRF, Questionnaire, and Weekly Survey. Overall as 
well as by-week comparisons were also performed. Statistical comparisons between any 
given 2 groups were based on the Wilcoxon rank-sum test (Ref. 3). 

In addition, for selected biomarkers, biomarker values from blood draws/exhalations 
taken in the AM were compared with those taken in the PM for smokers and non- 
smokers. 

Outlier data identified through graphical displays, listings, or summary tables were 
reported to the source analyst group. Data were evaluated but no reason for exclusion was 
found. 

Intra-Subject and Inter-Subject Variability and Time Effect 

To examine whether multiple sample collections or a single sample collection on each 
subject was required for the TES, analysis of variance (ANOVA) (Ref. 4) model was 
carried out for each selected biomarker of exposure and biomarker of effect using a 
repeated measure approach. Four covariance structures were considered: compound 
symmetry, compound symmetry by smoking status, heterogeneous compound symmetry, 
and heterogeneous compound symmetry by smoking status. The choice of covariance 
structure was based on Akaike’s criterion (Ref, 5). The model used in the analyses was as 
follows: 
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Biomarker = Group + Gender + Week 4- Group*Gender + Group* Week + 

Gender*Week + Group*Gender*Week + Random Error 


where: 

Biomarker 

Group 

Week 

Gender 

Group *Gender 
Group* Week 
Gender*Week 
Group*Gender*Week 
Random Error 


= Biomarker 

- Smoker or Non-Smoker 

= Weeks when the biomarker was collected 
= Male or Female 
= Group by Gender Interaction 

- Group by Week Interaction 
= Gender by Week Interaction 

= Group by Gender by Week Interaction 
= Within-subject covariance structure 


To determine if the biomarker data varied by week, an overall test of time effect was 
performed. The full model above was compared to the reduced model containing Group, 
Gender, and Group by Gender interaction using a likelihood ratio test. Intra-subject and 
inter-subject variability were obtained by assuming a compound symmetry by smoking 
status covariance structure. Compound symmetry by smoking status was used as a 
simpler method to extract the intra-subject and inter-subject variability. The off diagonal 
term Oj 2 from the compound symmetry was used as an estimate for the intra-subject 
variability while the diagonal term cr 2 + cn 2 was used as an estimate for the inter-subject 
variability. 


Several options were exercised to resolve convergence problems. Options used include an 
increase in the number of iterations, the use of a simpler covariance structure, or the 
conversion of a biomarker’s unit. 


Exposure-Response Modeling for Biomarkers of Exposure 

Exposure-response relationships were evaluated to characterize the relationship between 
a set of biomarkers (Table 6.5.1-2) and estimated daily exposure (Table 6.5.1-1). With 
recognition that the actual dose of a cigarette is unknown, the estimated external exposure 
was approximated using machine-derived data and the number of cigarettes smoked 
during the study period. Self-exposure was estimated using the FTC reported tar, FTC 
reported CO, or FTC reported nicotine value depending on the smoke constituent(s) 
represented by the biomarker. 
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Table 6.5.1-2 Biomarkers Used in Exposure-Response Modeling 


Biomarker 

/ 

Unit 

Half- 

Lives 

Assumed 

(Days) 

Phase 

Response 

Acetonitrile in blood 

(ng/mL//2 ) 

<3 


Gas 

Carbon Monoxide 

Carboxyhemoglobin 

% saturktrrin 

<3 


Gas 

Carbon Monoxide 

3-ABP-Hb adducts 

pg/g hemoglobin 


>3 

Particulate 

Tar 

4-ABP-Hb adducts 

pg/g hemoglobin 


>3 

Particulate 

Tar 

Sum of Nicotine and 

Nicotine Metabolites 

nmol/mg Creatinine 

<3 

>3 

Particulate 

Nicotine 

Nicotine 

nmol/mg Creatinine 

<3 

>3 

Particulate 

Nicotine 

Cotinine 

nmol/mg Creatinine 

<3 

>3 

Particulate 

Nicotine 

Trans-3 '-hydroxy cotinine 

nmol/mg Creatinine 

<3 


Particulate 

Nicotine 

Trans- 3'- 

hydroxycotinine-O- 

glucuronide 

nmol/mg Creatinine 

<3 


Particulate 

Nicotine 

Nicotine-V-glucuronide 

nmol/mg Creatinine 

<3 

>3 

Particulate 

Nicotine 

Cotinine-vV-glucuronide 

nmol/mg Creatinine 

<3 

>3 

Particulate 

Nicotine 

NNAL plus NNAL-gluc 

pmol/mg Creatinine 


>3 

Particulate 

Tar 

NNAL 

pmol/mg Creatinine 


>3 

Particulate 

Tar 

Carbon Monoxide 

ppm 

<3 


Gas 

Carbon Monoxide 


1 / 


Source: Table 14.1.3-2. 


Only Week 1 data were used for analyses. Variables of possible effect on biomarkers of 
exposure as identified in Table 6.5.1-3 were the main focus of analyses in exposure- 
response modeling. Levels of categorical variables were either removed or combined if 
no or few responses were observed. The following nonlinear regression model 
(Gompertz, asymmetric sigmoid shape [Ref. 6]) was considered: p = d + a (exp(-exp(-(bo 
+ b]Xf + b 2 X 2 + ...+b 2 4 X 24 ))). Due to convergence problems, ‘d’ was set to 0 and ‘a’ was 
set to the maximum observed data point. Xi represents self-exposure and x 2 , ..., x 2 4 
represent variables collected on the CRF, Questionnaire, and Weekly Survey. 
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Table 6.5.1-3 Variables Considered in Exposure-Response Modeling 


Variable 

Source 

Self-exposure 

Questionnaire/Survey 

Age (years) 

CRT 

Alcohol Use 

Questionnaire 

Body Mass Index (kg/m 2 ) 

CRF 

Diastolic Blood Pressure (mmHg) 

CRF 

Exercise 

Questionnaire 

Use of Air Filtration Device 

Questionnaire 

Type of Heating System at Home 

Questionnaire 

Exposure to Chemicals and/or Engine Exhaust at the Job 

Questionnaire 

Job Status 

Questionnaire 

Marital Status 

Questionnaire 

NAT2 Phenotyping 

Labs 

Exposure to Cigarette Smoke From Visitors to Subject’s Home 

Questionnaire/Survey 

Exposure to Cigarette Smoke in Places (Bar, Restaurant, etc.) 

Questionnaire/Survey 

Pulse (bpm) 

CRF 

Servings High in Fat (per Week) 

Questionnaire 

Gender 

CRF 

Exposure to Cigarette Smoke From Spouse at Home 

Questionnaire/Survey 

Systolic Blood Pressure (mmHg) 

CRF 

Triglycerides (mmol/L) 

Labs 

Exposure to Cigarette Smoke in Vehicles 

Questionnaire/Survey 

Use of Vitamins 

CRF 

Exposure to Cigarette Smoke at the Work Place 

Questionnaire/Survey 

CYP1A2 Phenotyping 

Labs 


Source: Table 14.1.3-1. 


The variable self-exposure was forced into the model building process. The nonlinear 
model was linearized to -log(-log(y/a)) = bo + b|Xi + b 2 X 2 + ... + ^ 4 X 34 where ‘y’ is the 
observed response value and ‘a’ is 101 percent of the maximum observed response value. 
The 101 percent of the maximum observed response value was used to avoid logarithmic 
transformation problems. Multiple linear regression procedure was then used to obtain 
initial estimates for each parameter bo, b 24 . The nonlinear modeling procedure used to 
reduce the full model was as follows: 

1. Fit the nonlinear model with all variables specified in Table 6.5.1-3 
(full model) using initial parameter estimates obtained from the 
multiple linear regression procedure. 

2 . Remove all those variables from the full model with a Wald 
(Ref. 7) p-value >0.5 (reduced model). 

3. Test the reduced model to the full model using the quasi-likelihood 
ratio test (Ref. 8 ). 
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4. Remove variables from the Full model if the quasi-likelihood p- 
value >0.15. 

5. If the quasi-likelihood p-value <0.15, put back variables in the 
reduced model in the order of most statistically significant to least 
statistically significant based on the Wald p-value until the quasi- 
likelihood p-value >0.15. 

6 . Repeat Steps 1 to 4 for Wald p-values of 0.2 and 0.15. 

7. For all remaining variables, add two-way interaction terms with 
self-exposure in the model with starting values set to 0 . 

8 . Test the additive model (main effect terms only) to the model with 
interaction terms using a quasi-likelihood ratio test. 

9. Repeat Steps 2 to 4 to obtain a reduced model. 

10. Randomly select at most 50 combinations of parameter estimates 
using ±2 or ±1 standard errors of the parameter from the reduced 
model in Step 4 and check if all models converge to the same 
location. 

11. Obtain quasi-likelihood p-values for all the remaining terms in the 
model. 

12. Remove all the remaining terms with p-values >0.15 in the order 
of least statistically significant to most statistically significant until 
all quasi-likelihood p-values of the remaining terms <0.15. 

During the entire modeling process, initial estimates for a given model were derived from 
the preceding model. In case of convergence problems, different initial estimates were 
used ranging anywhere between ± 6 standard errors of the parameter estimates. In some 
rare cases, more parameters were removed than required by the procedure above to obtain 
convergence. 

Exposure Response Modeling for Biomarkers of Effect 

Exposure-response relationships were evaluated to characterize the relationship between 
biomarkers of effect (LDL-cholesterol, fibrinogen, C-reactive protein, 11-dehydro- 
thromboxane-Bi, and 8 -ejp/-PGF 2 a ) and the main biomarker of exposure (sum of nicotine 
and nicotine metabolites). HDL-cholesterol was not modeled as this biomarker exhibits 
an inverse trend (i.e., decreases with increasing exposure) compared to all other 
biomarkers. Malondialdehyde in plasma and urine were not modeled since these 
biomarkers will not be examined in the TES. Only Week 1 data were used in the 
analyses. 
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Variables of known possible relationship to biomarkers of effect such as gender, age, and 
body mass index, were forced into the model, The following nonlinear regression model 
was considered: g = a (exp(-exp(-(bo + biXi + b 2 X 2 + b 3 X 3 + 624 X 24 )))). The nonlinear 
model was linearized to -log(-log(y/a)) = b 0 + b]Xi + biX 2 + ... + 624 X 24 where ‘y’ is the 
observed response value and ‘a’ is 101 percent of the maximum observed response value. 
The 101 percent of the maximum observed response value was used to avoid logarithmic 
transformation problems. Multiple linear regression procedure was then used to obtain 

initial estimates for each parameter bo.b 24 . Quasi-likelihood p-values were obtained 

for each model term from the nonlinear procedure. No model refinement was attempted. 

Environmental Tobacco Smoke (ETS) Evaluation 

Levels of nicotine and nicotine metabolites (both individually and combined) and 4-ABP- 
Hb adducts were compared between non-smokers exposed to ETS from either spouse at 
home and/or other individuals at home and/or work and/or vehicles and/or places to non- 
smokers not exposed using the Wilcoxon rank-sum test. The ETS exposure calculation 
was based on 3-day as well as 3-month exposure. Comparison between non-smokers 
exposed and non-smokers not exposed was done for every single source of exposure, as 
well as a combination of sources of exposures such as at-home exposure (ETS from at 
least spouse or other individuals at home) and outside-home exposure (ETS from at least 
work, vehicles, or places). Comparisons were also made between non-smokers exposed 
and not exposed to ETS regardless of source of exposure. 

In addition, correlation analysis was performed between non-weighted duration and 
weighted duration (intensity of exposure to ETS: light, moderate, or heavy was used as 
the weighting factor for work, vehicles, and places, while the number of cigarettes 
smoked was used as the weighting factor for spouse or other individuals at home) and 
levels of nicotine metabolites and 4-ABP-Hb adducts. 

6.5.2 Statistical and Analytical Plans: Laboratory Comparisons for Biomarker 
Assays 

A random subset of subjects" blood and/or urine samples was collected for determination 
of hemoglobin adducts, nicotine and nicotine metabolites, and NNK metabolites by both 
Covance Laboratories and INBIFO. The model below was used to analyze the difference 
between biomarker values measured by the different laboratories. In addition, the 90% 
confidence interval for the ratio of Covance/INBIFO was also derived using the 
bioequivalence approach (Ref. 9). 
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Biomarker = Subject + Week -I- Subject*Week + Laboratory + Random Error 


where: 

Biomarker 

Subject 

Week 

Subject*Week 
Laboratory 
Random Error 


= Biomarker 
= Random subject effect 
= Weeks when the biomarker was collected 
= Random subject by week effect 
= Covance or INBIFO 
= Within-subject error 


In addition, ordinary least products (OLP) regression proposed by John Ludbrook 
(Ref. 10) was used to compare Covance and INBIFO measurements. Li OLP, the sum of 
the products of the vertical and horizontal distances of the Covance and INBIFO values 
from the regression line are minimized. The OLP was used to detect two forms of 

systematic biases between Covance and INBIFO. The first bias, known as fixed bias, 
means that one laboratory measurements are consistently higher (or lower) than 
measurements from the other laboratory by a constant amount over the whole range or 
measurements. The second bias, known as proportional bias, means that one laboratory 
measurements are higher (or lower) than measurements from the other laboratory by an 
amount that is proportional to the level of the measured biomarker. 



All values below the limit of quantification were removed from this analysis. 


All statistical analyses were performed using SAS® version 8.2. Statistical significance 
was declared at 0.05 significance level. 


6.5.3 Statistical and Analytical Plans: Safety' Variables 

Safety variables other than laboratory data were summarized using descriptive statistics, 
where applicable. Statistical comparisons of Screening laboratory data results for 
smokers versus non-smokers for each gender and overall were limited to p-values. No 
other formal statistical comparisons were completed. 


6.6 Changes in the Conduct of the Study or Planned Analyses 


There was one change in the conduct of the study. Originally the protocol specified an 
early morning void for the 11-dehydro-thromboxane-B 2 and 8 -epi-PGF 2 a ; however, the 
method was updated to allow for these analytes to be tested in the 24-hour urine 
collection. 
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Several modified analyses were performed after the statistical plan had been approved. A 
summary of the modified analyses is presented below. 

The exposure-response modeling procedure was changed somewhat. The self-exposure 
calculation was not based on a weighted average of the number of cigarettes smoked on 
leisure and non-leisure days because this information was not captured in the 
Questionnaire, The levels for how deep a person inhales were changed from 1, 2, 3 to 1/3, 
2/3, and 1 to more accurately reflect the self-exposure level. Regression trees (Ref. 11) 
were not used in the model-building process as this procedure was not sensitive enough 
to detect significant variables due to the limited data available. Multiple linear regression 
was not used to refine the model-building process, rather, it was only used to create initial 
estimates for the nonlinear analysis. Also, gender was not forced into the model-building 
process, it was removed if not significant. Backward elimination rather than forward 
selection was chosen as more feasible for model building. 


The auto-regressive, heterogeneous auto-regressive, and unspecified structures were not 
used in the mixed effects modeling since compound symmetry and heterogeneous 
compound symmetry were thought to adequately model the covariance structure of the 
steady state biomarker levels. 

The Sponsor requested the deletion of urine malondialdehyde from the inter-lab 
comparison because an alternative laboratory conducting this assay could not be located. 
As requested by the Sponsor, the analysis of Covance and INBIFO data initially tested 
for lab differences regardless of smoking status and gender. After the first draft of the 
report was reviewed, the analysis for the laboratory comparisons was modified to test for 
similarity between the labs in addition to differences between them. 

7. RESULTS - STUDY SUBJECTS 

7.1 Demographics/Disposi lions of Subjects 

A total of 140 subjects visited the research site at the time of Enrollment. The 
demographic characteristics of all 140 subjects at Enrollment are presented in 
Listing 16.5-3 and summarized in Table 7.1-1. The demographic characteristics of the 
evaluable subjects (118 at Enrollment, 315 at Week 1, 107 at Week 6) are presented in 
post-text Tables 14.4-1 and 14.4-2 and the demographic characteristics of those subjects 
evaluable at Week 6 are summarized in Table 7.1-2. Additional smoker-only related data, 
including self-exposure related measures, are presented in Listings 16.6-1 through 16.6-5. 
A summary of the Fagerstrom test distribution is also included in Tables 7.1-1 and 7.1-2. 
A complete listing of the Fagerstrom test results by subject is included in Listing 16.6-5. 
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Table 7.1-1 Demographic Charact 


Demographic Characteristics of All Enrolled Subjects 


Demographic 

Characteristic 



Statistic 

Females 

N 

36 

Mean 

38 

SD 

14.2 


Mean 


SD 


Median 


Min 

Max 


Non-Smokers 



Overall Females 


Smokers 


Males 


Overall 



N 
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Table 7.1-2 Demographic Characteristics of Evaluable Subjects at Week 6 (Subset 
of Enrolled Subjects) 
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Three subjects did not complete all of the scheduled collections due to positive drug 
screens (results of which were not available until after the Enrollment visit was complete) 
and two subjects did not complete all of the scheduled collections due to voluntary 
withdrawal from the study. Those subjects are summarized in Table 7.1-3. Two subjects 
had positive screens that correlated to known concomitant medication use and they were 
allowed to continue on study. A complete listing of urine drug screens is presented in 
Listing 16.5-16. 


Table 7.1-3 Subjects Who Did Not Complete All Protocol-Required Collections 


Subject 

Number 

Gender/ 
Smoking Status 

Week 

Withdrawn 

Reason for Withdrawal 

010 

Female/Smoker 

After Week 2 

Voluntarily withdrew consent, did not 
show up for Week 3 or Week 6 

051 

Male/Smoker 

Enrollment 

Positive drug screen 

053 

Male/Smoker 

Enrollment 

Positive drug screen 

066 

Male/Smoker 

Enrollment 

Positive drug screen 

113 

Male/Non-smoker 

After Week 2 

Voluntarily Withdrew due to Family 
Emergency 


At the Enrollment visit prior to the Questionnaire or sample collections, the subjects were 
asked general questions about their compliance with the inclusion/exclusion criteria. The 
results of these general questions indicated that most subjects met all of the inclusion and 
exclusion criteria at the time of Enrollment (see Listing 16.5-1 for listing of subject 
eligibility as recorded in the CRTs). During analysis of the Questionnaire data and after 
analysis of laboratory samples and biomarker assays, it was determined that several 
subjects had violated specific criteria (see Table 7.1-4 for a list of subjects who were 
removed from the analysis based upon Questionnaire results/lab results/biomarker assay 
results that contradicted the inclusion/exclusion criteria). Because the results of these 
evaluations were not available until after the Enrollment visit and usually not until after 
study completion, these subjects were allowed to complete the Enrollment visit and 
possibly the entire study period before they were noted as violating criteria (laboratory 
results for drug screens were not available until the day following Enrollment and 
biomarker assays and Questionnaire analyses were not completed until after the subject 
completed all the study collections). 
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Table 7.1-4 Inevaluable Subjects (Subjects Who Completed All Study Collections but were Removed from Analysis due to 
Protocol/lnclusion/Exelusion Violation) 


Subj. 

No. 

Gender/ 
Smoking Status 

Timepoint of 
Violation* 

Reason for Removal From Analysis 

003 

Female/Smoker 

Enrollment 

Smoked 3% of alternate light cigarette within 3 months prior to Enrollment 3 

010 

Female/Smoker 

Week 3 

Subject withdrew consent 

014 

Female/Smoker 

Enrollment 

Smoked 10% of alternate light cigarette within 3 months prior to Enrollment 3 

017 

Female/Smoker 

Week 1 

Subject quit smoking for period between enrollment and Week 1 0 

018 

Female/Smoker 

Enrollment 

Smoked 1% of alternate light cigarette within 3 months prior to Enrollment® 

021 

Female/Smoker 

Enrollment 

Smoked 10% of alternate light cigarette within 3 months prior to Enrollment 1 

031 

Fexnale/Smoker 

Week 3 

Did not smoke at least 1 cigarette per day for the 3 days prior to Week 3 visit 6 

033 

Female/Smoker 

Week 6 

Did not smoke at least 1 cigarette per day for the 3 days prior to Week 6 visit 6 

034 

Female/Smoker 

Week 2 

Smoked more Than 33% of Alternate Ultra Light Cigarettes in the 3 Days Prior to Week 

2 Visit 1 

035 

Female/Smoker 

Enrollment 

Smoked 5% of Alternate Light Cigarettes in the 3 Months Prior to Enrollment® 

037 

Male/Smoker 

Enrollment 

Smoked 1% of Alternate Light Cigarettes in the 3 Months Prior to Enrollment 1 

038 

Male/Smoker 

Enrollment 

Least Number of Cigarettes smoked was 0 in the 3 Months Prior to Enrollment and 
Smoked 3% of Alternate Light Cigarettes in the 3 Months Prior to Enrollment 3 ’ 6 

040 

Male/Smoker 

Enrollment 

Least Number of Cigarettes smoked was 0 in the 3 Months Prior to Enrollment 6 

043 

Male/Smoker 

Enrollment 

Smoked 5% of Alternate Light Cigarettes in the 3 Months Prior to Enrollment 6 

044 

Male/Smoker 

Enrollment 

Smoked 1% of Alternate Light Cigarettes in the 3 Months Prior to Enrollment 1 

046 

Male/Smoker 

Enrollment 

Smoked 7% of Alternate Light Cigarettes in the 3 Months Prior to Enrollment 6 

047 

Male/Smoker 

Week 6 

Chewed Tobacco Prior to Week 6 C 

048 

Male/Smoker 

Enrollment 

Smoked 5% of Alternate Light Cigarettes in the 3 Months Prior to Enrollment 6 

049 

Male/Smoker 

Enrollment 

Least Number of Cigarettes smoked was 0 in the 3 Months Prior to Enrollment 6 

051 

Male/Smoker 

Enrollment 

Positive Drug Screen at Enrollment 

052 

Male/Smoker 

Week 1 

Smoked 55% of Alternate Ultra Light Cigarettes in the 3 Days Prior to Week 1 Visit® 

* The listed timepoint is t 
prior to the listed timepc 

le timepoint when the violation occurred. The last evaluable timepoint would be the timepoint immediately 
tint. 
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Table 7.1-4 Subjects Who Completed AH Study Collections but were Removed from Analysis due to 
Protocol/Inclusion/Exclusion Violation 


Subj. 

No. 

Gender/ 
Smoking Status 

Timepoint of 
Violation 

Reason for Removal From Analysis 

053 

Male/Smoker 

Enrollment 

Positive Drug Screen at Enrollment 

054 

Male/Smoker 

Enrollment 

Smoked 2% of Alternate Light Cigarettes in the 3 Months Prior to Enrollment® 

055 

Male/Smoker 

Week 3 

Smoked 33% of Alternate Ultra Light Cigarettes in the 3 Days Prior to Week 3 Visit 3 

061 

Male/Smoker 

Week 6 

Subject Indicated Changed Brands. No Further information available 41 

065 

Male/Smoker 

Week 6 

Did not Smoke at Least 1 Cigarette per Day for the 3 Days Prior to Week 6 Visit 

066 

Male/Smoker 

Enrollment 

Positive Drug Screen at Enrollment 

067 

Male/Smoker 

Enrollment 

Least Number of Cigarettes smoked was 0 in the 3 Months Prior to Enrollment 11 

068 

Male/Smoker 

Week 1 

Smoked 1.5% of Alternate Full Flavor Cigarettes in the 3 Days Prior to Week 1 Visit® 

089 

Female/Nonsmoker 

Enrollment 

History of Smoking Manufactured Cigarettes in the last 12 Months Prior to Enrollment 0 

113 

Male/Nonsmoker 

Enrollment 

Urine cotinine level at Week 1 > 50 ng/mL (per Sponsor dropped from Enrollment on) e 

118 

Male/Nonsmoker 

Enrollment 

Urine cotinine level at Week I > 50 ng/mL (per Sponsor dropped from Enrollment on) e 

502 

Female/Smoker 

Enrollment 

Smoked 12% of Alternate Light Cigarettes in the 3 Months Prior to Enrollment 3 

* The listed timepoint is t 
prior to the listed timepc 

te timepoint when the violation occurred. The last evaluable timepoint would be the timepoint immediately 
)int. 

a Per exclusion criterion no. 14, exclude a smoker who smoked outside of the ultra low tar range (3.0 to 6.9 mg/cigarette) within 3 
months of enrollment, or those who used a different brand other than their preferred brand at >10% total consumption during the last 3 
months. 

b Per exclusion criterion no. 14, a smoker who consumed less than 1 manufactured cigarette of a specified brand per day for a minimum 
of 12 months were to be excluded. 

c Per inclusion criterion no. 6 and exclusion criterion no. 15, a nonsmoker was to be excluded if they used a tobacco- or nicotine- 
containing product (including chewing tobacco) within 3 months of Enrollment. 

d Per exclusion criterion no. 14, a smoker was to be excluded if he/she switched brands. 

e Per Sponsor direction, nonsmokers with urine cotinine levels >50 ng/mL were to be excluded. 

Source: Listing 16.5-2 and protocol inclusion/exclusion criteria. 
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These subjects were removed from the analysis population but were allowed to continue 
the study collections as scheduled. 

The maximum number of evaluable subjects at each timepoint (i.e., the analysis 
population at a given timepoint) was based upon review of all available data for a given 
subject at a given timepoint. As described above, subjects may have been allowed to 
continue the collections, but were not suitable for analysis based upon 
inclusion/exclusion criteria violations. The maximum number of evaluable subjects at 
each timepoint is summarized in Table 7.1-5. In-text summary tables use only evaluable 
subjects, unless otherwise noted. 


Table 7.1-5 Count of Evaluable Subjects and Percent of Total Enrolled Subjects 



(% oi 

Smokers 
¥ Evaluable 
f Total Enrolled) 


Non-Smokers 
# Evaluable 
(% of Total Enrolled) 

Timepoint 

Male 

Female 

Overall 


Male 

Female 

Overall 

Enrollment 

20 

(61%) 

33 

(85%) 

53 

(74%) 


30 

(94%) 

35 

(97%) 

65 

(96%) 

Week I 

18 

(55%) 

32 

(82%) 

50 

(69%) 


30 

(94%) 

35 

(97%) 

65 

(96%) 

Week 2 

18 

(55%) 

31 

(79%) 

49 

(68%) 


30 

(94%) 

35 

(97%) 

65 

(96%) 

Week 3 

17 

(52%) 

29 

(74%) 

46 

(64%) 


30 

(94%) 

35 

(97%) 

65 

(96%) 

Week 6 

14 

(42%) 

28 

(72%) 

42 

(58%) 


30 

(94%) 

35 

(97%) 

65 

(96%) 


7.2 Protocol Violations/Deviations 

No important deviations related to subject management or data analysis were recorded. 
Those important deviations related to the conduct of the study are recorded below. 

As described in Section 7.1, several subjects were allowed into the study population that 
did not meet the entrance criteria as determined by the inclusion and exclusion criteria. 
Most of these subjects were allowed to continue protocol-required sample collections 
since the information for the violations was not noted until after Enrollment, after 
Questionnaire analysis, or after laboratory data was available. Due to system limitations 
as noted earlier (see Section 6.4.1.4), interviewers were unable to electronically cross¬ 
check and validate answers with previous Questionnaires/Weekly Surveys and were, 
therefore, unable to correct any discrepancies at the time of the interview. 
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The majority of subjects that were removed from the analysis were smokers rather than 
non-smokers. Violations for smokers were related to the use of alternate brands outside of 
the specified tar range, use of alternate brands within the same range at a rate of >10%, 
not smoking at least 1 cigarette per day during the 3 months prior to Enrollment or during 
the study, and changing brands within 3 months of Enrollment (indicated by subject at 
Week 6). The violations for non-smokers were a history of smoking within 12 months of 
Enrollment (a question that this subject was asked specifically at Enrollment but 
answered differently on the Questionnaire) and urine cotinine levels greater than 
50 ng/mL, 

Ineligible subjects were to be replaced with additional subjects as needed to enroll a full 
subgroup of evaluable subjects. This was not done because of delayed verification of 
subject eligibility at Enrollment and subsequent visits. As a result, only 42/72 (58%) of 
enrolled smokers [14/33 (42%) males and 28/39 (72%) females] were evaluable subjects 
at Week 6. 

Subject Number 064 was randomized to the male, smokers group in error. This subject 
was a non-smoker. Since number 135 was never assigned, this subject was given the 135 
number and Subject Number 064 was never used. 

Subjects were informed that they should fast for a minimum of 6 hours prior to the 
Enrollment visit. The subjects were never queried about their fasting status at the time 
they arrived for the Enrollment visit. They were however, asked about consumption of 
caffeine and methylxanthine during the previous 8 hours and this answer was recorded. 

8. RESULTS - BIOMARKER EVALUATIONS 

8.1 Biomarker Measurements 

Listings of the times and/or dates of collections are included in Listing 16.5-15 (non- 
smoker diaries) and in Listings 16.5-31 through 34 (blood/plasma, 24-hour urine, 
exhalate, and sputum, respectively). The leisure/non-leisure visits by subject are listed in 
Listing 16.5-4. Questionnaire and Weekly Survey data by subject are presented in 
Listings 16.5-5, -7, -9, -11, and 16.5-13. Descriptive statistics of the biomarkers of 
exposure are included in the tables presented in Section 14.5, descriptive statistics of the 
biomarkers of effect are included in the tables presented in Section 14.6, and summaries 
of the biomarkers (p-values) are included in the tables presented in Section 14.7. 
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Summaries (descriptive statistics and frequencies where applicable) for Questionnaire 
and Weekly Survey data are presented in the tables included in Section 14,10. Statistical 
analysis of the biomarkers, dose response modeling, laboratory comparisons, and inter- 
and intra-subject variability are included in Sections 14.1 through 14.3 and various types 
of graphical representations of the data are presented in Section 14.11. Listings of 
individual Questionnaire and Weekly Survey answers by subject are included in Sections 
16.5. 


8.1.1 Biomarkers of Exposure - Method/Result Issues 

8.1.1.1 3-ABP-Hb and 4-ABP-Hb Adducts Method/Result Issues 


For 1 subject (Subject Number 15, Female Smoker), there was an apparent spike in the 3- 
and 4-ABP-Hb values for Week 6. A second aliquot for this subject was assayed (aliquot 
available as this subject was not one randomized to be analyzed at both laboratories) and 
the repeat value confirmed the original value. These values were checked against the raw 
data and verified that they were correct as presented. After review back to the raw data 
relayed no discrepancies about the analysis of the sample itself, a subsequent review of 
the intercurrent illnesses/concomitant medications/ exposures and any other factor that 
may have contributed to this spike was completed. No explanation for the findings was 
made based on existing data and, therefore, the analysis included this subject’s data. 

8.1.1.2 Acetonitrile in Blood Method/Result Issues 


Acetonitrile in Blood - Variability 

• 11.7% RSD Overall Average Intra-Assay Precision Validation 

• 14,2% RSD Overall Average Inter-Assay Precision Validation 

• 16.3% RSD Overall Average Inter-Assay Precision Pilot Study 

The comparison of variability from validation to the pilot study for QC study data was 

favorable as can be seen above. Overall subject variability for smokers was 66.0% RSD 
and for non-smokers was 68.7% RSD. Even though subject data appears acceptable, 
overlap of the two averages occurred for smokers and non-smokers at one standard 
deviation. It appears that this may be due primarily to subject variability rather than assay 
variability for this biomarker. 
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8.1.1.3 Acetonitrile in Exhalate Method/Result Issues 

Acetonitrile in Exhalate - Variability 

• 8.06% RSD Overall Average Intra-Assay Precision Validation 

• 12.5% RSD Overall Average Inter-Assay Precision Validation 

• 30.4% RSD Overall Average Inter-Assay Precision Pilot Study 

The comparison of variability from validation to the pilot study for QC study data was 
less favorable as can be seen above. Overall subject variability for smokers was 95.7% 
RSD and for non-smokers was 46.3% RSD. Overlap of the two averages occurred for 
smokers and non-smokers at one standard deviation. It appears that this may be due to 
both assay and subject variability rather than just subject variability for this biomarker. 

Smokers had an overall average value lower than the non-smokers for acetonitrile in 
exhalate which is not biologically plausible. It was also noted that initial determinations 
of acetonitrile in exhalate levels were much higher (10 2 to 10 3 -fold) than anticipated 
when compared to expected levels used for validation and to levels reported in the 
literature (Ref. 10, 11). Calibration curves were appropriately adjusted to accommodate 
the higher levels observed for the remainder of the samples. Investigations into many 
sources of possible contamination of the samples were conducted, but no definitive 
source was found. Therefore, the exhalate acetonitrile results for this study were 
disregarded. 

8.1.2 Biomarkers of Exposure -Results 

Scatter plots in Figures 8,1.2-1 through Figures 8.1.2-11 show the relationship between 
the sum of nicotine and nicotine metabolites and the biomarkers of exposure of 
acetonitrile in blood, carboxyhemoglobin, 3-ABP-Hb adducts, 4-ABP-Hb adducts, 
nicotine, cotinine, frarts-3'-hydroxycotinine, rraw.y-3'-hydroxy cotinine-O-glucuronide, 
nicotine-A-glucuronide, cotininc-A-glucuronide, and carbon monoxide in exhalate, 
respectively, for Week 1 data. 

These plots show the fitted regression lines with the corresponding coefficients of 
determination. The plots show strong correlation between the sum of nicotine and 
nicotine metabolites and all the biomarkers of exposure with the exception of acetonitrile 
in blood. As the sum of nicotine and nicotine metabolites increased, the levels of 
carboxyhemoglobin, 3-ABP-Hb adducts, 4-ABP-Hb adducts, nicotine, cotinine, trans-3'- 
hydroxycotinine, /ra>js-3'-hydroxycotinme-0-g]ucuronide, nicotine-jV-glucuronide, and 
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cotinine-7V-glucuronide tended to increase. Similar trends were observed between the sum 
of nicotine and nicotine metabolites and most biomarkers of exposure across all weeks. 
The sum of nicotine and nicotine metabolites explained only 5% of the variability of 
acetonitrile in blood. 


R-square = 0.05 



84-Hour Urine Biomarker of Exposure: Sum of Nicotine and Nicotine metabolites (nmol/mg Creatinine) 


1 -FEMALE/SMOKERS; 2=FEMALE/NON-SMOKERS; 3-MALE/SMOKERS; 4-MALE/NON-SMOKERS 

Source: Figure J4.11.5-1 

Figure 8.1.2-1 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

Acetonitrile in blood 
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R-square = 0.06 



1 “FEMALE/SMOKERS; 2=FEMALE/NON-SMOKERS; 3=MALE/SMOKERS; 4=MALE/NON-SMOKERS 

Source; Figure 14.11.5-2 

Figure 8.1.2-2 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

Carboxyhemoglobin 
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R-square - 0,51 



1-FEMALE/SMOKERS; 2=FEMALE/NON-SMOKERS; 3=MALE/SMOKERS; 4=MALE/NON-SMOKEKS 

Source; Figure 14.It.5-3 

Figure 8.1.2-3 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

3-ABP-Hb Adducts 
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R-square = 0.65 



24-Bour Urine Biomarker of Exposure: Sum of Nicotine and Nicotine metabolites (nmol/mg Creatinine} 


l=FEMALE/S.MOKERS; 2=FEMALE/NON-SMOKERS; 3=MALE/SMOKERS; 4=MALE*ON-SMOKERS 

Source: Figure 14.11.5-4 

Figure 8.1.2-4 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

4-ABP-Hb Adducts 
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R-square = 0.70 



l'FEMALE/SMOKERS; 2=FEMALE/NON-SMOKERS; 3=MALE/SMOKERS; 4=MALE/NON-SMOKERS 

Source: Figure 14.11.5-5 

Figure 8.1.2-5 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

Nicotine 
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JR-square = 0.85 



24-Hour Urine Biomarker of Exposure; Sum of Nicotine and Nicotine metabolites (nmol/mg Creatinine) 

l^FEMALE/SMOKERS; 2=FEMALE/NON-SMOKERS; 3=MALE/SMOKERS; 4=MALE/NON-SMOKERS 

Source: Figure 14.11.5-6 

Figure 8.1.2-6 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

Cotinine 
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R-square = 0.90 



1=FEM ALE/SMOKERS; 2 =FEMALE/NON-SMOKERS; 3=MALE/SMOKERS; 4=MALE/NON-SMOKERS 

Source: Figure 14.11.5-7 

Figure 8.1.2-7 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

Trans- 3 -hydroxycotinine 
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R-square = 0.79 



l=FEMALE/SMOKERS; 2=FEMALE/NON-SMOKERS; 3-MALE/SMOKERS; 4=MALE/NON-SMOKERS 

Source: Figure 14.11.5-8 

Figure 8.1.2-8 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 
7/Y/HS-3'-hydroxycotinine-£>-gJucuronide 
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R-square = 0.59 



1=FEM ALE/SMOKERS; 2=FEMALE/NON-SMOKERS; 3-MALE/SMOK.ERS; 4=MALE/NON-SMOKERS 

Source: Figure 14.11.5-12 

Figure 8.1.2-9 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

Nicotine-iV-glucuromde 
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R-square = 0.7(3 



1=FEMAL E/SMOKERS; 2=FEMALE/NON-SMOKERS; 3=MALE/SMOKERS; 4=MALE/N0N-SM0KERS 

Source: Figure I4.11.S-13 

Figure 8.1.2-10 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

Cotinine-TV-glucuronide 
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R-square = 0.84 



24-Hour Urine Biomarker of Exposure; Sum of Nicotine and Nicotine metabolites (nmol/mg Creatinine) 

L-FEMALE/SMOK.ERS; 2=FEMALE/NON-SMOKERS; 3=MALE/SMOKERS; 4-MALE/NON-SMOKERS 

Source: Figure 14.11.5-15 

Figure 8.1.2-11 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

Carbon Monoxide 

Boxplots, Figures 8.1.2-12 through 8.1.2-23, show distribution characteristics by 
smoking status for acetonitrile in blood, carboxyhemoglobin, 3-ABP-Hb adducts, 
4-ABP-Hb adducts, sum of nicotine and nicotine metabolites, nicotine, cotinine, trans-y- 
hydroxycotinine, tra«x-3'-hydroxycotinine-C>-glucuronide, nicotinc-A'-gl ucuroni dc, 
cotinine-iV-glucuronide, and carbon monoxide, respectively, for Week 1 data. 
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Boxplots in Figures 8.1.2-13, 8.1.2-15, 8.1.2-17, 8.1.2-18, and 8.1.2-23 show the 
distribution of carboxyhemoglobin, 4-ABP-Hb adducts, nicotine, cotinine, and carbon 
monoxide by smoking status. All these biomarkers show similar distribution for the two 
groups of smokers with their average being highest in smokers who smoke >20 
cigarettes on average per day and lowest among non-smokers. These biomarkers seem to 
have similar variability among the two groups of smokers, while the variability was low 
among non-smokers. 

Boxplots in figures 8.1.2-14, 8.1.2-16, 8.1.2-19, and 8.1.2-20 show the distribution of 
3-ABP-Hb adducts, sum of nicotine and nicotine metabolites, rran.s-3'-hydroxycotinine, 
and /rcms-3'-hydroxycotinine-0-glucuronide by smoking status. The average of these 
biomarkers is highest in smokers who smoke > 20 cigarettes on average per day while it 
is lowest among non-smokers. The variability in these biomarkers seem to be small or 
negligible among non-smokers and highest in smokers who smoke > 20 cigarettes on 
average per day. 

The boxpiot in Figure 8.1.2-12 shows the distribution of acetonitrile in blood by smoking 
status. The boxpiot suggests that the average acetonitrile in blood for non-smokers is less 
than the average acetonitrile in blood for smokers with no apparent difference between 
the two groups of smokers. The distribution of acetonitrile in blood seems to be skewed 
across all the three groups. It is more variable in the two groups of smokers as compared 
to the group of non-smokers. The boxpiot also indicates many outliers in both smokers 
and non-smokers compared to all the other biomarkers. 

Boxplots in Figures 8.1.2-21 and 8.1.2-22 show the distribution of nicotine-A- 
glucuronide, and cotinine-A-glucuronide by smoking status. The figures suggest that the 
two biomarkers are more variable in the smoker group who smoke < 20 cigarettes on 
average per day than in smokers who smoke > 20 cigarettes on average per day. The 
figures also suggest that almost no variability exist in the group of non-smokers. The 
average of these biomarkers is highest in smokers who smoke > 20 while almost 
negligible in the group of non-smokers. 
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Lower and upper borders of the box are the 25th and ?5th percentiles respectively 
Lwtr and upper wbiaV>Grs of the box are the nun and man values within 1.5 lames the quartilo range respectively 
Plus signs are mean values 
Middle bars are median values 

Outlying points are defined as those points < 25th - 1.5(75Lh - 25th) or > 75th *■ l.5(?5th - 25Lh) 



Non-Smokers Smokers <20 Cigarettes Smokers >=20 Cigarettes 


SMOKING STATUS 

Source: Figure 14,11.9.3-1 

Box plot for Week 1 Acetonitrile ((ng/mL>'2) by Smoking Status and Number of Cigarettes Consumed 

Figure 8.1.2-12 Boxplot of Number of Cigarettes Smoked per Day versus 

Acetonitrile in Blood 
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Low«r and upper borders of the box fire the 25th and 75th percentiles respectively 

Lmtar and upper whiskers of the bn* are the roin and mBx values within 1.5 times the quartile range respectively 
Plus signs are mean values 
Middle bars are median values 

Gullying paints are defined as those points < 2blh -1.5(75th - 25lh) or > 75th 4l.5(75ih - 25lh) 



Non-Smokers Smokers <20 Cigarettes SmokeTS >=20 Cigarettes 

SMOKING STATUS 

Source: Figure 14.11.9.3-2 

Boxplct for Week J Carboxyhemoylobin (% saturation) by Smoking Status and Number of Cigarettes Consumed 

Figure 8.1.2-13 Boxplot of Number of Cigarettes Smoked per Day versus 

Carboxyhemoglobin 
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Lower eod upper borders of the box ere the 25th and 75th percentiles respectively 
Lower and tipper whiekerB of the box are the min and max values within 1.5 times Ihe quartile range respectively 
Plus signs are mean values 
Middle bars are median values 

Outlying points arc defined as those points < 25th -1.5(75th - 25th) or > 75th t 1.5(75th - 25th) 



Source: Figure 14.11,9.3-3 

Boxplot For Week I 3-Aminobiphenyl-Hb adduct (pg/g. hemoglobin) by Smoking Status and Number of Cigarettes Consumed 

Figure 8.1.2-14 Boxplot of Number of Cigarettes Smoked per Day versus 

3-ABP-Hb Adducts 
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L&wer and upper borders Of the box are Lhi 25th and 75th percentiles respectively 
bo^cr end upper whiskers of the box are the rain and max values within 1.5 times the quartile range respectively 
Plus signs are mean values 
Middle "bars are median valuta 

Outlying points are defined u those paints < Z5th -l.5(75th - 25th} or > 75th +l,5(7flth -■ 25th) 



Non-Smokers Smokers 520 Cigarettes Smokers >=20 Cigarettes 

SMOKING STATUS 

Source: Figure 14.11.9.3-4 

Boxplol fur Week 1 4-AminobiphenybHb adducl (pg/g hemoglobin) by Smoking Scams and Number of Cigarettes Consumed 

Figure 8.1.2-15 Boxplot of Number of Cigarettes Smoked per Day versus 

4-ABP-Hb Adducts 
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Lower and upper borders of the box are Lhe 25th and 76th percentiles respectively 
Lower and upper whisker? of the box are Lhe min and max values within 1.5 tinges the quartile range respectively 
Plus signs are mean values 
Middle bars are median values 

QuUyLtkg points are defined as those points < 25th - l.5(75lh - Kith) or > 75th + 1.5(75th - 25th) 



Non-Smokers Smokers <20 Cigarette* Smokers >=20 Cigarettes 

SMOKING STATUS 
Source: Figure 14.II;9.3-5 

Boxplot for Week 1 Sum of Nicotine and Nicotine metabolites (nmol/mg Creatinine) by Smoking Status and Number of Cigarettes Consumed 

Figure 8.1.2-16 Boxplot of Number of Cigarettes Smoked per Day versus 
Sum of Nicotine and Nicotine Metabolites 
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loner and upper borders of the box are the 25th and 75th percentiles respectively 
Lower and upper vhiskers of the box we the min and max values within I 5 times the quertile range respectively 
Plus signs are mean values 
Middle bars are median values 

Outlying points are defined as those points < 25lh -J.5{7&th - 2Stb) or >75th +1.5(?5th - 25th) 



SMOKING STATUS 
Source: Figure 14 11.9,3-6 

Boxplot for Week 1 Nicotine (nmol, 1 'mg Creatinine) by Smoking Status and Number uf Cigarettes Consumed 

Figure 8.1.2-17 Boxplot of Number of Cigarettes Smoked per Day versus Nicotine 
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Lower and upper borders of the box are the 25th and ?Sth percentiles respectively 
Lower and upper whiskers at the box are the tnin and max values within 1.6 times the quartile range respectively 
Plus signs are mean values 
Middle bare are median values 

OuUying points are defined as those points < 25th -1.5{75l>| - 25th) nr > 75th +1.5(75th - 25Ul) 



Source: Figure 14.11.9.3-7 

Boxplot for Week 1 Cotinine (nmol/mg Creatinine) by Smoking Status and Number of Cigarettes Consumed 

Figure 8.1.2-18 Boxplot of Number of Cigarettes Smoked per Day versus Cotinine 
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Lo*er and upper borders of the box are the 25tb and 75th percentiles respectjyely 
Lower and upper whiskers of the box arc the rrun and max values within 15 times the tjuartilc range respectively 
Plus signs are mean values 
Middle bars arc median valueE 

Outlying points »rp defined as those points < 25th -1.5(75th - 25th) or > 75th H,5{?5th - 25th) 



Source: Figure 14.11.9.3-8 

Boxpiot for Week I 7VrtW-3 -hydroxycotinine (nmol/mg Creatinine) by Smoking Status and Number of Cigarettes Consumed 

Figure 8.1.2-19 Boxpiot of Number of Cigarettes Smoked per Day versus 

Trans-3 '-hydroxycotinine 
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24-Hour Urine Biomar leer of Exposure: 
Trans-3-hydroxycotinine—0—gtucuronide (nmol/mg Creatinine) 


RSR 

Protocol Mo. PM-8450 

Covance CRU Study No. 12226-8450 


Lower and upper berdert of the box are the 25lh and 75th percentiles respectively 
Lower and upper whiskers of the box are the min and max values within 1.5 limes the quarlik range respectively 
Plug signs are mean values 
Middle bars are median values 

Outlying, points are defined &E those points < 25th -1,5(75th - 25th) or > 75th +1.5(7&th - 25th] 



Source; Figure 14,11.9.3-9 

Boxplot for Week. 1 7>Vftt.v-3 ^-hydroxycotinioe-Q-gJucuronide (nmol/mg Creatinine) by Smoking Status and Number of Cigarettes Consumed 


Figure 8.1.2-20 Boxplot of Number of Cigarettes Smoked per Day versus 
7Vflrts-3'-hydroxycotinine-0-glucuronide 
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24-Hour Urine Bioroarker of Exposure: 
Nicotine—N-glucuronide (nmol/mg Creatinine) 


RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Lower and upper borders of the box are the 25th and 75tb percentiles respectively 
Lower and upper whisker* of the beet are the min and max values within 1.5 times the quartile raa^e respectively 
Plus signs are mean valueB 
Middle bars are median values 

Outlying points are defined M those points < 25th -1.5(75th - 25th) or > 75Lh +1.5{75th - 25Lh) 



Source: Figure 14.11.9.3-13 

Boxplot for Week 1 Nicotine-A'-glucurotiide (nmol/mg Creatinine) by Smoking Status and Number of Cigarettes Consumed 

Figure 8.1.2-21 Boxplot of Number of Cigarettes Smoked per Day versus 

Nicotine-fV-glucuronide 
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24 —Hour Urine Biomarker of Exposure: 
Cotinine—N-glucuronide (nmol/mg Creatinine) 


RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Lower and upper borders of the box are the 25th and 75th porcentilep respectively 
Lower and upper wttskere of the box are the min and max values within t .5 times the quartile range respectively 
Plus signs are mean values 
Middle bars are median values 

Outlying points are defined as those points < 25th -1.5(75lh - 25th) or > 75th +1.5(75th - 25th) 



fan-Smokers Smokers <20 Cigarettes Smokers ?=20 Cigarettes 

SMOKING STATUS 
Source Figure 14.11.9.3-14 

Boxplot for Week i Cotinine-jV-glucuronide (nmoL/mg Creatinine) by Smoking Status and Number of Cigarettes Consumed 

Figure 8.1.2-22 Boxplot of Number of Cigarettes Smoked per Day versus 

Cotinine-7V-gIucuronide 
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RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Lower and upper bordera of the box are the 25lh and 75th percentiles respectively 
Lower and upper whiskers of the boa are the min and max values within 1.5 times the quart i!e range respectively 
Plug signs are mean values 
Middle bars are median values 

Outlying points are defined as those points < 25th -1.5(75Lb - 25Lh) or > 75th -*-1.5{7&tb - 25Lh} 



Source: Figure 14.] 1.9.3-16 

Boxploi for Week 1 Carbon monoxide (ppm) by Smoking Status and Number of Cigarettes Consumed 

Figure 8.1.2-23 Boxplot of Number of Cigarettes Smoked per Day versus 

Carbon Monoxide 

Summary statistics by smoking status for biomarkers of exposure are presented in 
Table 8.1.2-1 for collections on Week 1, Week 2, Week 3, and Week 6, respectively. 

Smokers had consistently greater average levels of blood acetonitrile, 
carboxyhemoglobin, 3- and 4-ABP-Hb adducts, urine nicotine and nicotine metabolites, 
and exhaled carbon monoxide than non-smokers. For all these biomarkers of exposure 
except 3- and 4-ABP-Hb adducts, the average levels increased with the number of 
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RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


cigarettes smoked per day, with levels in smokers of >= 20 cigarettes per day being 
greater than in smokers of < 20 cigarettes per day. For 3- and 4-ABP-Hb adducts, the 
median values and mean values at Week 1 had this relationship with number of cigarettes 
smoked per day, but at Week 6 the mean was slightly greater in smokers of < 20 
cigarettes per day than in smokers of >= 20 cigarettes per day. This was due to one 
extreme outlier at Week 6 for both Hb adducts, a female who smoked < 5 cigarettes per 
day (Subject 15). No confounding explanation was found for this, so her data were 
included in the analyses. 


Table 8.1.2-1 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest by Smoking Status (Week 1) 


Biomarker 

Smoking 

Category 

N 

Statistics 

Mean ± SD 
Median(min,max) 

Blood Biomarkers of Exposure 

Acetonitrile ((ng/mLl/2)/ 

Non-Smokers 

65 

178.65 ±287.366 
90.66(30.00,1500.00) 


Smokers <20 Cigarettes 

31 

303.33 ±361.912 
148.21(51.48,1500.00) 


Smokers >-20 Cigarettes 

19 

330.92 ± 252.887 
234.81(111.88,1089.74) 

Carboxyhemoglobin (% saturation) 

Non-Smokers 

65 

0.4 ±0.17 
03(0.3,1.0) 


Smokers <20 Cigarettes 

31 

3.5 ±3.12 
2.8(0.3,14.8) 


Smokers >=20 Cigarettes 

19 

5.9 ±2.60 
5.1(1.9,11.4) 

3-ABP-Hb adducts 
(pg/g hemoglobin) 

Non-Smokers 

65 

0.59 ±0.511 
0.50(0.50,4.59) 


Smokers <20 Cigarettes 

31 

2.94 ± 2,740 
1.80(0.50.14.04) 


Smokers >=20 Cigarettes 

18 

5.27 ±3.917 
3.80(1.23,15.03) 

4-ABP-Hb adducts 
(pg/g hemoglobin) 

Non-Smokers 

65 

7.28 ± 3.713 
6.55(2.49,23.25) 


Smokers <20 Cigarettes 

31 

29.71 ±21.861 
25.67(5.35,100.50) 


Smokers >=20 Cigarettes 

18 

42.46 ± 19.680 
37.03(19.47,87.23) 
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RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Table 8.1.2-1 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest by Smoking Status (Week 1) 


Biomarker 

Smoking 

Category 

N 

Statistics 

Mean ± SD 

Median (min,max) 

24-Hour Urine Biomarkers of Exposure 

Sum of Nicotine and Nicotine 
metabolites (nmol/mg Creatinine) 

Non-Smokers 

65 

0.073 ±0.1188 
0.033(0.000,0.677) 


Smokers <20 Cigarettes 

31 

55.331 ±42.4166 
47.229(0.762,171.322) 


Smokers >=20 Cigarettes 

19 

89.900 ± 36.2444 
76.652(52.341,165.672) 

Nicotine (nmol/mg Creatinine) 

Non-Smokers 

65 

0.020 ± 0.0459 
0.006(0.000,0.271) 


Smokers <20 Cigarettes 

31 

7.543 ± 10.1509 
5.838(0.105,54,819) 


Smokers >=20 Cigarettes 

19 

12.849 ± 9.1480 
12.348(1.344,34.604) 

Cotinine (nmol/mg Creatinine) 

Non-Smokers 

65 

0.013 ±0.0173 
0.006(0.000,0.114) 


Smokers <20 Cigarettes 

31 

8.416 ±7.8800 
6.980(0.142,32.960) 


Smokers >=20 Cigarettes 

19 

10.271 ±5.0043 
9.806(4.268,23.875) 

7Vans-3’-hydTOxycotmine 

(nmol/mg Creatinine) 

Non-Smokers 

65 

0.026 ±0.04 IS 
0,010(0.000,0.219) 


Smokers <20 Cigarettes 

31 

19.308 ± 15.9488 
14.277(0.208,70.064) 


Smokers >=20 Cigarettes 

19 

33.752 ± 17.9927 
25.359(13.044,74.668) 
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RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Table 8.1.2-1 Summary Statistics for Biomarkers of Expi 
of Interest by Smoking Status (Week 1) 

osure 

with Selected Units 


Smoking 


Statistics 

Mean ± SB 

Biomarker 

Category 

N 

Median(min,max) 

24-Hour Urine Biomarkers of Exposure 

Trans-2) -hydroxycotinine-O- 
glucuronide (nmol/mg Creatinine) 

Non-Smokers 

53 

0.006 ±0.0114 
0.002(0.000,0.053) 


Smokers <20 Cigarettes 

30 

6.866 * 6.3004 
5.484(0.182,24.795) 


Smokers >=20 Cigarettes 

19 

12.249 ±8.6373 
8.708(3.220,37.904) 

N icoti ne-/V-gl ucuron ide 
(nmol/mg Creatinine) 

Non-Smokers 

62 

0.002 ± 0.0048 
0.000(0.000,0.023) 


Smokers <20 Cigarettes 

31 

2.708 ±2.7265 
1.796(0.024,12.113) 


Smokers >=20 Cigarettes 

18 

3.554 ± 1.5276 
3.596(1.458,7.068) 

Cotinine-/V-glucuronide 
(nmol/mg Creatinine) 

Non-Smokers 

65 

0.008*0.0174 

0.000(0.000.0.075) 


Smokers <20 Cigarettes 

31 

10.737* 9.8077 
7.836(0.095,36.704) 


Smokers >=20 Cigarettes 

19 

17,574* 7.2674 
16.198(8.670,37.108) 

Exhalate Bioniarkers of Exposure 

Carbon monoxide (ppm) 

Non-Smokers 

65 

5.7* 1.35 

5.7(3.6,9.6) 


Smokers <20 Cigarettes 

31 

22.6* 15.11 
18.1(7.8,71.4) 


Smokers >=20 Cigarettes 

19 

32,4* 12.68 
30.5(14.5,66.5) 
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RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Table 8.1.2-1 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest by Smoking Status (Week 2) 


Biomarker 

Smoking 

Category 

N 

Statistics 

Mean ± SD 
Median(min,max) 

Blood Biomarkers of Exposure 

Acetonitrile ((ng/mLlcD 

XJ 

Non-Smokers 

65 

179.27 ± 176.528 
104.08(30.00,756.74) 


Smokers <20 Cigarettes 

29 

380.41 ±376.268 
274.95(30.00,1500.00) 


Smokers >=20 Cigarettes 

19 

323.25 ± 256.572 
229.48(60.93,1002.96) 

Carboxyhemoglobin (% saturation) 

Non-Smokers 

65 

0.4 ±0.16 
0.3(0.3,1.1) 


Smokers <20 Cigarettes 

30 

2.8 ± 2.32 
2.2(0.3,8.6) 


Smokers >=20 Cigarettes 

19 

6.0 ± 3.00 
5.3(1.8,13.3) 

24-Hour Urine Biomarkers of Exposure 
Sum of Nicotine and Nicotine 
metabolites (nmol/mg Creatinine) 

Non-Smokers 

65 

0.112 ± 0.3667 
0.033(0.000,2.938) 


Smokers <20 Cigarettes 

30 

54.048 ± 39.6732 
45.784(0.520,162.182) 


Smokers >=20 Cigarettes 

19 

93.142 ±43.7246 
68.507(47.913,177.245) 

Nicotine (nmol/mg Creatinine) 

Non-Smokers 

65 

0.039 ±0.2199 
0.006(0.000,1.782) 


Smokers <20 Cigarettes 

30 

7.572 ± 8.2886 
4.905(0.074,42.637) 


Smokers >=20 Cigarettes 

19 

11.250 ±8.5553 
8.816(1.566,34.709) 

Cotinine (nmol/mg Creatinine) 

Non-Smokers 

65 

0.017 ±0.0397 
0.011(0.000,0.323) 


Smokers <20 Cigarettes 

30 

7.573 ± 6.4567 
6.481(0.091,29.379) 


Smokers >=20 Cigarettes 

19 

9.615 ±5.6171 


7.173(2.832,23.398) 
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RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Table 8.1.2-1 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest by Smoking Status (Week 2) 


Biomarker 

Smoking 

Category 

N 

Statistics 

Mean ± SD 
Median(min,max) 

24-Hour Urine Biomarkers of Exposure 

Trans-3 -hydroxycotinine 
(nmol/mg Creatinine) 

Non-Smokers 

65 

0.032 ± 0.0640 
0.010(0.000,0.411) 


Smokers <20 Cigarettes 

30 

20.113 ± 15.3907 
15.326(0.140,53.622) 


Smokers >=20 Cigarettes 

19 

37,592 ± 19.7236 
30.307(15.208,79.590) 

Trans-3'-hydroxycotinine-0- 
glucuronide (nmoi/tng Creatinine) 

Non-Smokers 

59 

0.009 ±0.0188 
0.001(0.000,0.105) 


Smokers <20 Cigarettes 

30 

6.100 ±4.7767 
4.457(0.141,21.468) 


Smokers >=20 Cigarettes 

19 

11.888 ± 10.0718 
7.422(2.929,37.773) 

Nicoline-A'-glucnronide 
{nmo!/mg Creatinine) 

Non-Smokers 

63 

0.006 ± 0.0340 
0.000(0.000,0.270) 


Smokers <20 Cigarettes 

29 

2.663 ± 2.7178 
1.745(0.153,11.734) 


Smokers >=20 Cigarettes 

19 

4.116 ± 3.5118 
3.213(1.677,17.646) 

Cotinine-/V-glucuronide 
(nmol/mg Creatinine) 

Non-Smokers 

65 

0.011 ±0.0269 
0.001(0.000,0.195) 


Smokers <20 Cigarettes 

30 

10.116 ± 9.2171 
7.537(0.074,38.730) 


Smokers >=20 Cigarettes 

19 

18.680 ± 10.4084 
15.821(10.213,53.877) 

Extiaiate Biomarkers of Exposure 

Carbon monoxide (ppm) 

Non-Smokers 

65 

5.1 ± 1.60 

5.2(0.1,9.6) 


Smokers <20 Cigarettes 

30 

19.0± 11.58 
15.5(4.5,44.1) 


Smokers >=20 Cigarettes 

19 

33.2 ± 17.24 
28.8(15.6,88.9) 


Final Draft: 22 October 2003 


Page 109 of 15260 


PM3006437434 


Source: https://www.industrydocuments.ucsf.edu/docs/ljkj0001 



RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Table 8.1.2-1 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest by Smoking Status (Week 3) 


Biomarker 

Smoking 

Category 

N 

Statistics 

Mean ± SD 
Median(min,max) 

Blood Biomarkers of Fjqfosprc 




Acetonitrile ((ng, ; niL3/2)/ 

Non-Smokers 

65 

206.46 ±219.008 
126.23(30.00,1168.91) 


Smokers <20 Cigarettes 

28 

491.89 ±566.309 
283.18(46.59,2000.00) 


Smokers >=20 Cigarettes 

18 

627.33 ± 597.574 
396,67(113.36,2000.00) 

Carboxyhemoglobin (% saturation) 

Non-Smokers 

65 

0.5 ± 0.50 
0.3(0.3,2.8) 


Smokers <20 Cigarettes 

28 

3.7 ± 2.86 
3.1(0.3,11.3) 


Smokers >=20 Cigarettes 

18 

6.3 ± 2.66 
5.9(2.1,10.4) 

24-Hour Urine Biomarkers of Exposure 

Sum of Nicotine and Nicotine 
metabolites (nmol/mg Creatinine) 

Non-Smokers 

65 

0.057 ± 0.0733 
0.033(0.011,0.470) 


Smokers <20 Cigarettes 

28 

57.987 ±42,0311 
49.083(0.402,162.295) 


Smokers >=20 Cigarettes 

18 

93.577 ±45.1729 
79.716(51.014,204.112) 

Nicotine (nmol/mg Creatinine) 

Non-Smokers 

65 

0.010 ±0.0076 
0.006(0.000,0.049) 


Smokers <20 Cigarettes 

28 

7.661 ±5.8561 
7.112(0.031,20.215) 


Smokers >=20 Cigarettes 

18 

12.743 ±8.0175 
9.879(3.428,31.195) 

Cotinine (nmol/mg Creatinine) 

Non-Smokers 

65 

0.012 ±0.0124 
0.011(0.000,0.079) 


Smokers <20 Cigarettes 

28 

8.315 ±6.9621 
5.219(0.034,26.338) 


Smokers >=20 Cigarettes 

18 

10.405 ±6.3327 
8.635(3.218,29.431) 
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RSR 

Protocol No, PM-8450 

Covance CRU Study No. 12226-8450 


Table 8.1.2-1 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest by Smoking Status (Week 3) 


Biomarker 

Smoking 

Category 

N 

Statistics 

Mean ± SD 

Median (min,max) 

24-Hour Urine Biomarkers of Exposure 

Trans -3 -hy droxycotinine 
(nmol/mg Creatinine) 

Non-Smokers 

65 

0.022 ±0.0325 
0.010(0.005,0.213) 


Smokers <20 Cigarettes 

28 

21.115 ± 17.3104 
15.575(0.099,61.692) 


Smokers >=20 Cigarettes 

18 

34.087 ± 19.4995 
24.592(12.950,80.865) 

7rans-3'-hydroxycotinine-0- 
glucuronide (nmol/mg Creatinine) 

Non-Smokers 

61 

0.005 ± 0.0101 
0.001(0.000,0.050) 


Smokers <20 Cigarettes 

27 

7.025 ± 6.0189 
6.385(0.341,28.397) 


Smokers >=20 Cigarettes 

18 

14.628 ± 12.3577 
8.399(3.598,41.198) 

Nicotine-.A'-glucuronide 
(nmol/mg Creatinine) 

Non-Smokers 

65 

0.001 ± 0.0034 
0.000(0.000,0.021) 


Smokers <20 Cigarettes 

27 

2.975 ± 2.8945 
2.486(0.020,10.645) 


Smokers >=20 Cigarettes 

18 

3.968 ± 1.9744 
3.606(0.457,8.031) 

Cotinine-.V-glucuronide 
(rumol/mg Creatinine) 

Non-Smokers 

65 

0.007 ±0.0144 
0.000(0.000,0.067) 


Smokers <20 Cigarettes 

28 

11.276 ± 11.5366 
7.587(0.075,49.743) 


Smokers >=20 Cigarettes 

18 

17.746 ±6.1479 
16.043(9.472,34.847) 

Exhalate Biomarkers of Exposure 

Carbon monoxide (ppm) 

Non-Smokers 

65 

5.2 ±1.65 
5.2(0.3,10.6) 


Smokers <20 Cigarettes 

28 

22.0 ± 14.61 
17.5(5.3,62.2) 


Smokers >=20 Cigarettes 

18 

33.0 ± 11.81 
33.8(15.1,60.7) 
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Protocol No- PM-8450 

Covance CRU Study No. 12226-8450 


Table 8.1.2-1 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest by Smoking Status (Week 6) 


Biomarker 

Smoking 

Category 

N 

Statistics 

Mean ± SD 
Median(min,max) 

Blood Biomarkers of Exposure 

Acetonitrile ((ng/mL)/2) ./ 

\ / 

Non-Smokers 

65 

224.64 ± 232.664 
119.94(30.00,947.36) 


Smokers <20 Cigarettes 

24 

387,88 ±407.557 
247.98(31.68,1500.00) 


Smokers >=20 Cigarettes 

IS 

508.67 ±442.414 
384.75(103.47,1460.56) 

Carboxyhemoglobin (% saturation) 

Non-Smokers 

65 

0.4 ± 0.20 
0.3(0.3,1.3) 


Smokers <20 Cigarettes 

23 

3.7 ± 3.20 
3.7(0.3,13.9) 


Smokers >-20 Cigarettes 

18 

5.9 ±2.14 
5.9(2.4,9.8) 

3-ABP-Hb adducts 

(pg/g hemoglobin) 

Non-Smokers 

65 

0.59 ±0.336 
0.50(0.50,2.46) 


Smokers <20 Cigarettes 

24 

5.41 ± 12.685 
1.79(0.50,63.34) 


Smokers >=20 Cigarettes 

18 

5.30 ± 3,622 
4.46(1.07,13.54) 

4-ABP-Hb adducts 
(pg/g hemoglobin) 

Non-Smokers 

65 

8.81 ±4.559 
7.50(4.09,27.86) 


Smokers <20 Cigarettes 

24 

65.95 ± 159.598 
29.63(7.27,808.80) 


Smokers >=20 Cigarettes 

18 

49.76 ±16.981 
46,42(28.65,90.32) 

Exhalate Biomarkers of Exposure 
Carbon monoxide (ppm) 

Non-Smokers 

65 

6.2 ± 2.44 
5.8(0.4,13.8) 


Smokers <20 Cigarettes 

24 

24.8 ± 16.00 
23.4(4.0,70.5) 


Smokers >=20 Cigarettes 

18 

35.1 ± 10.21 
35.2(18.0,54.0) 
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Protocol No, PM-8450 

Covance CRU Study No. 12226-8450 


8.1.3 Biomarkers of Exposure - Nonparametric Analysis 

Table 8.1.3-1 shows summary statistics, mean, standard deviation, median, minimum, 
and maximum of biomarkers of exposures for smokers and non-smokers and the 
Wilcoxon rank-sum p-value comparing the two groups. 

Overall comparisons between smokers and non-smokers using the Wilcoxon rank-sum 
test showed a statistically significant difference in all biomarkers of exposure with 
p-values ranging from <0.0001 to 0.002. All the biomarkers of exposure had higher levels 
in smokers than non-smokers. The statistically significant difference between smokers 
and non-smokers was consistent from week to week for biomarkers of exposure. 

Table 8.1.3-1 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest (Week 1) 



Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Median(min.max) 

N 

Mean ± SD 
Median(min,max) 

P-value 11 

Blood Biomarkers of Exposure 

Acetonitrile ((ng/mL)/2) J 

65 

178.65 ±287.366 
90.66(30.00,1500.00) 

50 

313.81 ±322.285 
201.20(51.48,1500.00) 

<.0001 

Carboxyhemoglobin (% saturation) 

65 

0.4 ±0.17 
0.3(0.3,1.0) 

50 

4.4 ±3.14 
4.0(0.3,14.8) 

<.0001 

3-ABP-Hb adducts (pg/g hemoglobin) 

65 

0.59 ±0.511 
0.50(0.50,4.59) 

49 

3.80 ±3.377 
2.58(0.50,15.03) 

<.0001 

4-ABP-Hb adducts (pg/g hemoglobin) 

65 

7.28 ±3.713 
6.55(2.49,23.25) 

49 

34.39 ±21.781 
28.94(5.35,100.50) 

<.0001 

24-Hour Urine Biomarkers of Exposure 

Sum of Nicotine and Nicotine metabolites 
(nmol/mg Creatinine) 

65 

0.073 ±0.1188 
0.033(0.000,0.677) 

50 

68.467 ± 43.2595 
62.776(0.762,171.322) 

<.0001 

Nicotine (nmol/mg Creatinine) 

65 

0.020 ± 0.0459 
0.006(0.000,0.271) 

50 

9.559 ± 10.0298 
6.606(0.105,54.819) 

<.0001 

Cotinine (nmol/mg Creatinine) 

65 

0.013 ±0.0173 
0.006(0.000,0.114) 

50 

9.121 ±6.9314 
7.951(0.142,32.960) 

<.0001 
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RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Table 8.1.3-1 Summary Statistics for Biomarkers of Expi 
of Interest (Week 1) 

osure with Selected Units 


Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Median(min,max) 

N 

Mean ± SD 
Median(min,max) 

P-value* 

24-Hour Urine Biomarkers of Exposure 

rr««s-3’-hydroxycotinine 
(nmol/mg Creatinine) 

65 

0.026 ±0.0418 
0.010(0.000,0.219) 

50 

24.797 ± 18.0226 
22.155(0.208,74.668) 

<.0001 

7ra«s-3'-hydroxycotinine-0-glucuromde 
(nmoi/mg Creatinine) 

53 

0.006 ±0.0114 
0.002(0.000,0.053) 

49 

8.953 ± 7.6799 
6.754(0.182,37.904) 

<-0001 

Nicotine-N-glucuronide 
(nmol/mg Creatinine) 

62 

0.002 ± 0.0048 
0.000(0.000,0.023) 

49 

3.019 ± 2.3754 
2.774(0.024,12.113) 

<.0001 

Cot j nine-W-glucuron i dc 
(nmol/mg Creatinine) 

65 

0.008 ±0.0174 
0.000(0.000,0.075) 

50 

13.335 ±9.4621 
12.095(0.095,37.108) 

<.0001 

Exhalate Biomarkers of Exposure 

Carbon monoxide (ppm) 

65 

5.7 ± 1.35 

5.7(3.6,9.6) 

50 

26.3 ± 14.89 
23.5(7.8,71.4) 

<.0001 


Source: Table 14,7-3 
“ P-value from Wilcoxon rank-sum test. 
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RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Table 8.1.3-1 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest (Week 2) 


Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Median(min,max) 

N 

Mean ± SD 
Median(min,inax) 

P-value® 

Blood Biomarkers of Exposure 

Acetonitrile ((ng/mLV2)/ 

65 

179.27 ± 176.528 

104.08(30.00,756.74) 

48 

357.78 ±332.195 
247.22(30.00,1500.00) 

0.0002 

Carboxyhemoglobin (% saturation) 

65 

0.4 ±0.16 
0.3(0.3,l.l) 

49 

4.0 ±3.01 
3.4(0.3,13.3) 

<.0001 

24-Hour Urine Biomarkers of Exposure 

Sum of Nicotine and Nicotine metabolites 
(nmol/mg Creatinine) 

65 

0.112 ± 0.3667 
0.033(0.000,2.938) 

49 

69.207 ±45.1471 
63.557(0.520,177.245) 

<.0001 

Nicotine (nmol/mg Creatinine) 

65 

0.039 ± 0.2199 
0.006(0.000,1.782) 

49 

8.998 ± 8.4990 
7.780(0.074,42.637) 

<.0001 

Cotinine (nmol/mg Creatinine) 

65 

0.017 ±0.0397 
0.011(0.000,0.323) 

49 

8.365 ±6.1668 
7.168(0.091,29.379) 

<.0001 

7'ran.s-3'-hydroxycotinine 
(nmol/mg Creatinine) 

65 

0.032 ± 0.0640 
0.010(0.000,0.411) 

49 

26.891 ± 19.0536 
21.468(0.140,79.590) 

<.0001 

7Vo«5'-3 l -bydroxycotmtne-0-glucuronide 
(nmoi/mg Creatinine) 

59 

0.009 ±0.0188 
0.001(0.000,0.105) 

49 

8.344 ± 7.7423 
5.726(0.141,37.773) 

<.0001 

Nicotine-A-glucuronidc 
(nmol/mg Creatinine) 

63 

0.006 ± 0.0340 
0.000(0.000,0.270) 

48 

3.238 ±3.1048 
2.471(0.153,17.646) 

<.0001 

Ootinine-iV-glucuronide 
(nmol/mg Creatinine) 

65 

0.011 ± 0.0269 
0.001(0.000,0.195) 

49 

13.437 ± 10.4751 
11.760(0.074,53.877) 

<.0001 

Exhaiate Biomarkers of Exposure 

Carbon monoxide (ppm) 

65 

5.1 ± 1.60 

5.2(0.1,9.6) 

49 

24.5 ±15.54 
21.2(4.5,88.9) 

<0001 


Source; Table 14.7-3 
a P-value from Wilcoxon rank-sum test. 
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RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Table 8.1.3-1 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest (Week 3) 


Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 

Mediantmin, max) 

N 

Mean ± SD 

Median/minunax) 

P-value a 

Blood Biomarkers of Exposure 

Acetonitrile ((ng/m^)/2)y/ 

65 

206.46 ±219.008 
126.23(30.00,1168.91) 

46 

544.89 ±576.013 
311.35(46.59,2000.00) 

<.0001 

Carboxyhemoglobitl (% saturation) 

65 

0.5 ± 0.50 
03(0,3,2.8) 

46 

4.7 ±3.03 
4-0(0.3,113) 

<.0001 

24-Hour Urine Biomarkers of Exposure 

Sum of Nicotine and Nicotine metabolites 
(nmol/mg Creatinine) 

65 

0.057 ± 0.0733 
0.033(0.011,0.470) 

46 

71.913 ±46.2520 
62.122(0.402,204.112) 

<.0001 

Nicotine (nmol/mg Creatinine) 

65 

0.010 ± 0.0076 
0.006(0.000,0.049) 

46 

9.650 ±7.1517 
9.066(0.031,31.195) 

<.0001 

Cotinine (nmol/mg Creatinine) 

65 

0.012 ±0.0124 

0.011(0.000,0.079) 

46 

9.133 ±6.7302 
7.565(0.034,29.431) 

<.0001 

7Vanx-3'-hydroxycotininc 
(nmol/mg Creatinine) 

65 

0.022 ± 0.0325 
0.010(0.005,0.213) 

46 

26.191 ± 19.0893 
19.194(0.099,80.865) 

<.0001 

Tr<7«x-3'-hydroxycotinine-0-glucuronide 
(nmol/mg Creatinine) 

61 

0.005 ±0.0101 
0-001(0.000,0.050) 

45 

10.066 ±9.7261 
6.677(0.141,41.198) 

<.0001 

Nicotine-ZV-glucuronide 
(nmol/mg Creatinine) 

65 

0.001 ±0.0034 
0.000(0.000,0.021) 

45 

3.372 ± 2.5882 
2.840(0.020,10.645) 

<.0001 

Cotinine-ZV-glucuronide 
(nmol/mg Creatinine) 

65 

0.007 ±0.0144 
0.000(0.000,0.067) 

46 

13.808 ± 10.2141 
14.106(0.075,49.743) 

<.0001 

Exhalate Biomarkers of Exposure 

Carbon monoxide (ppm) 

65 

5.2 ± 1.65 
5.2(0.3,10.6) 

46 

26.3 ± 14.50 
23.7(5.3,62.2) 

<.0001 


Source: Table 14.7-3 
a P-value from Wilcoxon rank-sum test. 
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RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Table 8.1.3-1 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest (Week 6) 


Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Median(min,max) 

N 

Mean ± SD 
Median(min,mqx) 

P-value a 

Blood Biomarkers of Exposure 

Acetonitrile ((ng/mL)/i) j 

\J 

65 

224.64 ± 232.664 
119.94(30.00,947.36) 

42 

439.65 ±421.896 
284.89(31.68,1500.00) 

0.0004 

Carboxyhemoglobin (% saturation) 

65 

0.4 ± 0.20 
0.3(03,1.3) 

41 

4.7 ± 2.96 
4.1(0.3,13.9) 

<0001 

3-ABP-Hb adducts (pg/g hemoglobin) 

65 

0.59 ±0.336 
0.50(0.50,2.46) 

42 

5.36 ± 9.783 
3.11(0.50,63.34) 

<0001 

4-ABP-Hb adducts (pg/g hemoglobin) 

65 

8.81 ±4.559 
7.50(4.09,27.86) 

42 

59.01 ± 120.309 
38.15(7.27,808.80) 

<0001 

Exbalate Biomarkers of Exposure 

Carbon monoxide (ppm) 

65 

6.2 ± 2.44 
5.8(0.4,13.8) 

42 

29.2 ± 14.61 
27.0(4,0,70.5) 

<0001 


Source: Table 14.7-3 
a P-value from Wilcoxon rank-sum test. 


Results from analyzing the difference in biomarker of exposure levels between smokers 
and non-smokers collected during leisure and non-leisure visits on Week 1 throughout 
Week 6 are shown below in Tables 8.1.3-2 and 8.1.3-3, respectively. The two tables show 
summary statistics, mean, standard deviation, median, minimum, and maximum of 
biomarkers of exposure for smokers and non-smokers and the Wilcoxon rank-sum 
p-value comparing the two groups. At both leisure and non-leisure visits, there was a 
statistically significant difference between smokers and non-smokers in all the 
biomarkers of exposure. 

For the non-leisure visit at Week 2, data was collected on one smoker and one non- 
smoker, Therefore, no p-values were derived for all biomarkers of exposure. 
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RSR 

Protocol No. PM-8450 
CovanceCRU Study No. 12226-8450 



Table 8.1.3-2 Summary Statistics for Biomarkers of Exposure with Selected 
Units of Interest for Leisure Visits (Week 1) 



. Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Media ntmimmaxl 

N 

Mean ± SD 
Mediantmimmaxl 

P-value’ 

Blood Biomarkers of Exposure 

Acetonitrile ((ng/mLJ/2)'/ 

17 

14 

146.27 ± 152.585 
89.53(30.00,462.17) 

16 

201.47 ±139.879 
175.61(66.48,663.26) 

0.0395 

Carboxyhemoglobin (% saturation) 

14 

0.4 ±0.14 
0.3(0.3,0.8) 

16 

4.2 ± 2.40 
4.1(0.9,7.8) 

<.0001 

3-ABP-Hb adducts (pg/g hemoglobin) 

14 

0.52 ± 0.072 
0.50(0.50,0.77) 

16 

3.18 ±2.497 
2.49(0.87,10.43) 

<,0001 

4-ABP-Hb adducts (pg/g hemoglobin) 

14 

7.05 ± 3.486 
6.12(3.94,17.37) 

16 

29.26 ± 19.007 
26.98(8.56,87.23) 

<.0001 

24-Hour Urine Biomarkers of Exposure 

Sum of Nicotine and Nicotine metabolites 
(nmol/mg Creatinine) 

14 

0.066 ±0.1059 
0.043(0.017,0.430) 

16 

61.337 ± 37.4780 
53.402(14.056,147.828) 

<.0001 

Nicotine (nmol/mg Creatinine) 

14 

0,028 ± 0.0700 
0.009(0.006,0.271) 

16 

7.467 ± 4.7963 
6.828(1.239,16.880) 

<.0001 

Cotinine (nmol/mg Creatinine) 

14 

0.013 ±0.0134 
0.009(0.006,0.057) 

16 

8.567 ± 5.6271 
7.278(1.527,20.782) 

<.0001 

7>#n,s-3'-hydroxycotinine 
(nmol/mg Creatinine) 

14 

0.020 ± 0.0242 
0.013(0.005,0.099) 

16 

22.673 ± 16.1608 
18.705(5.749,70.064) 

<.0001 

7>m?s-3'-hydroxycotinine-0-glucuronide 
(nmoi/mg Creatinine) 

11 

0.005 ± 0.0057 
0.003(0.000,0.015) 

16 

9.706 ± 9.2379 
6.417(1.701,37.904) 

<.0001 

Nicotine-iV-glucuronide 
(nmol/mg Creatinine) 

13 

0.001 ±0.0012 
0.000(0.000,0.004) 

16 

2.298 ± 1.6780 
2.022(0.122,5.235) 

<.0001 

Cotinine-W-glucuronide 
(nmol/mg Creatinine) 

14 

0.003 ± 0.0041 
0.001(0.000,0.010) 

16 

10.625 ±6.8627 
10.637(0.507,20.143) 

<.0001 

Exhalate Biomarkers of Exposure 

Carbon monoxide (ppm) 

14 

5.6± 1.12 
5.6(3.6,8.1) 

16 

24.0 ± 11.55 
23.5(9.6,50.4) 

<.0001 


Source: Table 14.7-7 
a P-value from Wilcoxon rank-sum test. 




Final Draft: 22 October 2003 


Page 118 of 15260 


PM3006437443 


Source: https://www.industrydocuments.ucsf.edu/docs/ljkj0001 




RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Table 8.1.3-2 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest for Leisure Visits (Week 2) 


Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Median(min,max) 

N 

Mean ± SD 
Median(min,max) 

P-value" 

Blood Biomarkers of Exposure 

Acetonitrile ((ng/mE)/2)y 

63 

172.26 ± 174.560 
97.19(30.00,756.74) 

47 

364.76 ±332.215 
264.95(48.66,1500.00) 

<.0001 

Carboxyhemoglobin (% saturation) 

63 

0.4 ±0.16 
03(0.3,1.1) 

48 

4.1 ±2.99 
3.6(0.3,13.3) 

<.0001 

24-Hour Urine Biomarkers of Exposure 

Sum of Nicotine and Nicotine metabolites 
(nmol/mg Creatinine) 

63 

0.113 ±0.3722 
0.033(0.000,2.938) 

48 

70.531 ±44.6538 
63.873(0.520,177.245) 

<.0001 

Nicotine (nmol/mg Creatinine) 

63 

0.040 ± 0.2234 

0.006(0.000,1.782) 

48 

9.154 ± 8.5177 

7.891(0.074,42.637) 

<.0001 

Cotinine (nmol/mg Creatinine) 

63 

0.017 ±0.0403 
0.011(0.000,0.323) 

48 

8.521 ±6.1326 
7.171(0.091,29.379) 

<.0001 

Trans-3 '-hy droxycotini ne 
(nmol/mg Creatinine) 

63 

0.033 ± 0.0649 
0.0)0(0.000,0.411) 

48 

27.408 ± 18.9049 
21.663(0.140,79.590) 

<.0001 

Thm.s-3'-hydroxycotinme-0-glucuronide 
(nmol/mg Creatinine) 

57 

0.008 ±0.0182 
0.001(0.000,0.105) 

48 

8.507 ± 7.7392 
6.018(0.141,37.773) 

<.0001 

Nicotine-W-glucuronide 
(nmol/mg Creatinine) 

61 

0.006 ± 0.0346 
0.000(0.000,0.270) 

47 

3.303 ±3.1054 
2.472(0.153,17.646) 

<.0001 

Cotinine-W-glucuronide 

(nmol/mg Creatinine) 

63 

0.011 ±0.0272 
0.001(0.000,0.195) 

48 

13.706 ± 10.4135 
12.074(0.074,53.877) 

<.0001 

Exhalate Biomarkers of Exposure 

Carbon monoxide (ppm) 

63 

5.2 ±1.58 

5.2(0.1,9.6) 

48 

24.8 ± 15.52 
21.5(4.5,88.9) 

<.0001 


Source: Table 14.7-7 
" P-value from Wilcoxon rank-sum test. 
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RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Table 8.1.3-2 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest for Leisure Visits (Week 3) 


Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Median(min,max) 

N 

Mean ± SD 
Median(min,max) 

P-value” 

Blood Biomarkers of Exposure 

Acetonitrile ((ng/mL)/2) J 

16 

186.90 ±284.421 
97.72(30.00,1168.91) 

12 

453.39 ± 528.119 
258.12(46.59,1560.38) 

0.0214 

Carboxyhemoglobin (% saturation) 

16 

0.4 ± 0.33 

0.3(0.3,1-6) 

12 

4.1 ±3.37 
2.6(0.3,10.5) 

<.0001 

24-Hour Urine Biomarkers of Exposure 

Sum of Nicotine and Nicotine metabolites 
(nmol/mg Creatinine) 

16 

0.097 ±0.1339 
0.033(0.017,0.470) 

12 

61.340 ±59.8009 
32.828(10.306,204.112) 

<.0001 

Nicotine (nmol/mg Creatinine) 

16 

0.012 ±0.0107 
0.009(0.006,0.049) 

12 

6.081 ± 8.3569 
3.863(0.345,31.195) 

<.0001 

Cotinine (nmol/mg Creatinine) 

16 

0.019 ±0.0221 
0.009(0.006,0.079) 

12 

6.683 ±7.7671 
3.456(1.271,29.431) 

<.0001 

Trans-3'-hydroxycotinme 
(nmoi/mg Creatinine) 

16 

0,040 ± 0.0590 
0.010(0.005,0.2! 3) 

12 

23.328 ±24.3466 
13.515(4.006,80.865) 

<.0001 

7>£m5-3'-hydroxycotimne-0-g1ucuronide 
(nmol/mg Creatinine) 

16 

0.010 ±0.0166 
0.001(0.000,0.050) 

12 

9.973 ± 12.3793 
3.858(1.718,40.332) 

<.0001 

Nicotine-W-glucuronide 
(nmol/mg Creatinine) 

16 

0.003 ± 0.0055 
0.000(0.000,0.021) 

12 

2,925 ±3,0771 
2.455(0.226,10.645) 

<.0001 

Cotinine-W-glucuroni de 
(nmol/mg Creatinine) 

16 

0.013 ±0.0244 
0.000(0.000,0.067) 

12 

12.353 ± 13.6243 
8.172(1.668,49.743) 

<.0001 

Exhalate Biomarkers of Exposure 

Carbon monoxide (ppm) 

16 

5.2 ± 1.85 
4.7(3.0,10.6) 

12 

26.1 ± 19.18 
18.5(5.3,62.2) 

<■0001 


Source: Table 14.7-7 
° P-value from Wiicoxon rank-sum test. 
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RSR 

Protocol Mo. PM-8450 

Covance CRU Study No. 12226-8450 


Table 8.1.3-2 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest for Leisure Visits (Week 6) 


... Non-Smifkers 

.Stackers. 


Bio marker 

N 

Mean ± SD 
Median(min,max) 

N 

Mean ± SD 
Median(min,max). 

P-value 8 

Blood Biomarkers of Exposure 

Acetonitrile ((ng/niL)/2) j 

38 

215.41 ±230.413 
115.03(30.00,947.36) 

20 

371.69 ±413.280 
247.98(31.68,1500.00) 

0.0368 

Carboxyhemoglobin (% saturation) 

38 

0.4 ±0.15 
0.3(0.3,0.8) 

20 

4.4 ±2.33 
4.3(0.3,8.9) 

<.0001 

3-ABP-Hb adducts (pg/g hemoglobin) 

38 

0.60 ±0.386 
0.50(0.50,2.46) 

20 

4.16 ±3.706 
2.71(0.50,13.54) 

<0001 

4-ABP-Hb adducts (pg/g hemoglobin) 

38 

8.55 ± 4.993 
7.03(4.11,27.86) 

20 

38.45 ± 18.003 
37.70(9.56,90.32) 

<.0001 

Exhalate Biomarkers of Exposure 

Carbon monoxide (ppm) 

38 

5.8 ±2.18 
5.5(0.4,11.6) 

20 

28.7 ± 13.38 
27.9(5.0,54.0) 

<0001 


Source: Table 14.7-7 
8 P-value from Wilcoxon rank-sum test. 
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RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Table 8.1.3-3 Summary Statistics for Biomarkers of Exposure with Selected 

Units of Interest for Non-Leisure Visits (Week 1) 



Nan-Smokers 

Smokers .. . 


Biomarker 

N 

Mean ± SD 
Medianl min.maxi 

N 

Mean ± SD 
Medianfmin.max’) 

P-value" 

Blood Biomarkers of ExpOS.ure 

Acetonitrile ((ng/mL)/2) j 

i / 

51 

187.54 ±315.077 
90.87(30.00,1500.00) 

34 

366.68 ± 369.236 
213.56(51.48,1500.00) 

<.0001 

Carboxyhemoglobin (% saturation) 

51 

0.4 ±0.17 
0.3(0.3,1.0) 

34 

4.5 ± 3.46 
3.6(0.3,14.8) 

<.0001 

3-ABP-Hb adducts (pg/g hemoglobin) 

51 

0.61 ±0.575 
0.50(0.50,4.59) 

33 

4.10 ±3.729 
2.58(0.50,15.03) 

<.0001 

4-ABP-Hb adducts (pg/g hemoglobin) 

51 

7.34 ±3.803 
6.55(2.49,23.25) 

33 

36.88 ±22.863 
32.61(5,35,100.50) 

<.0001 

24-Hour Urine Biomarkers of Exposure 

Sum of Nicotine and Nicotine metabolites 
(nmol/mg Creatinine) 

51 

0.075 ±0.1230 
0.033(0.000,0.677) 

34 

71.823 ±45.8695 
64.309(0.762,171.322) 

<.0001 

Nicotine (nmoi/mg Creatinine) 

51 

0.017 ±0.0373 
0.006(0.000,0.253) 

34 

10.544 ± 11.6530 
6.301(0.105,54.819) 

<.0001 

Cotinine (nmol/mg Creatinine) 

51 

0.013 ±0.0183 
0.006(0.000,0.114) 

34 

9.381 ±7.5317 
8.598(0.142,32.960) 

<.0001 

Trans-?! '-hy droxycotinine 
(nmol/mg Creatinine) 

51 

0.027 ± 0.0455 
0.010(0.000,0.219) 

34 

25.796 ± 18.9834 
22.488(0.208,74.668) 

<.0001 

7>n«s-3'-hydroxycotinine-0-glucuromde 
(nmol/mg Creatinine) 

42 

0.006 ±0.0125 
0.002(0.000.0.053) 

33 

8.588 ±6.9317 
7.975(0.182,24.215) 

<0001 

Nicotinc-iY-glucuronide 
(nmol/mg Creatinine) 

49 

0.002 ± 0.0053 
0.000(0.000,0.023) 

33 

3.368 ±2.5997 
2.840(0.024,12.113) 

<.0001 

Cotinine-jV-glucuronide 
(nmol/mg Creatinine) 

51 

0.010 ±0.0194 
0.000(0.000,0.075) 

34 

14.611 ± 10.3098 
13.068(0.095,37.108) 

<.0001 

Exhalate Biomarkers of Exposure 

Carbon monoxide (ppm) 

51 

5.7 ± 1.42 

5.7(3.7,9.6) 

34 

27.4 ± 16.28 
24.0(7.8,71.4) 

<.0001 


Source: Table 14.7-10 
“ P-value from Wilcoxon rank-sum test. 
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Table 8.1.3-3 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest for Non-Leisure Visits (Week 2) 



Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Mediant min.max) 

N 

Mean ± SD 
Median(min,max) 

P-value® 

Blood Biomarkers of Exposure 

Acetonitrile ((ng/m^)/2)/ 

1 

448.23 ±NA 
448.23(448.23,448.23) 

1 

30.00 ± NA 
30.00(30.00,30.00) 

NA 

Carboxyhemoglobin (% saturation) 

1 

0.4 ± NA 
0.4(0.4,0.4) 

1 

0.3 ± NA 
Q.3(0.3,0.3) 

NA 

24-Hour Urine Biomarkers of Exposure 

Sum of Nicotine and Nicotine metabolites 
(nmol/mg Creatinine) 

1 

0.174 ±NA 
0.174(0.174,0.174) 

1 

5.674 ± NA 
5.674(5.674,5.674) 

NA 

Nicotine (nmol/mg Creatinine) 

1 

0.018 ±NA 
0.018(0.018,0.018) 

1 

1.504 ±NA 
1.504(1.504,1.504) 

NA 

Cotinine (nmol/mg Creatinine) 

1 

0.023 ± NA 
0.023(0.023,0.023) 

I 

0.840 ± NA 
0.840(0.840,0.840) 

NA 

7>xz«s-3'-hydroxycotinine 
(nmol/mg Creatinine) 

1 

0.052 ± NA 
0.052(0.052,0.052) 

1 

2.081 ±NA 
2.081(2.081,2.081) 

NA 

7>aHs-3'-hydroxycottnine-0-glucuronide 

(nmol/mg Creatinine) 

1 

0.053 ± NA 
0.053(0.053,0.053) 

1 

0.539 ±NA 
0.539(0.539,0.539) 

NA 

Nicotine-.V-glucuronide 
(nmol/mg Creatinine) 

1 

0.004 ± NA 
0.004(0.004,0.004) 

1 

0.193 ± NA 
0.193(0.193,0.193) 

NA 

Cotinine-iV-gl ucuroni de 
(nmol/mg Creatinine) 

1 

0.019 ±NA 
0.019(0.019,0.019) 

1 

0.522 4: NA 
0.522(0.522,0.522) 

NA 

Exhalate Biomarkers of Exposure 

Carbon monoxide (ppm) 

1 

4.2 ± NA 
4.2(4.2,4.2) 

1 

8.1 ± NA 

8.1(8.1,8.1) 

NA 


Source: Table 14,7-10 

° P-value from Wilcoxon rank-sum test. NA here due to only one subject in each group. 
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Table 8.1.3-3 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest for Non-Leisure Visits (Week 3) 


Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Median(min,max) 

N 

Mean ± SD 
Medianfmin.max) 

P-value 0 

Blood Biomarkers of Exposure 

Acetonitrile ((ng/mO/2) 

49 

212.84 ± 196.224 
127.86(30.00,896.92) 

34 

577.18 ±596.116 
356.59(67.97,2000.00) 

<.0001 

Carboxyhemoglobin (% saturation) 

49 

0.5 ± 0.54 
0.3(0.3,2.8) 

34 

5.0 ±2.92 
4.2(0.3,11.3) 

<.0001 

24-Hour Urine Biomarkers of Exposure 

Sum of Nicotine and Nicotine metabolites 
(nmol/mg Creatinine) 

49 

0.044 ± 0.0294 
0.033(0.011,0.139) 

34 

75.645 ±40.8670 
73.765(0.402,177.849) 

<•0001 

Nicotine (nmol/mg Creatinine) 

49 

0.010 ±0.0064 
0.006(0.000,0.031) 

34 

10.909 ± 6.3402 
10.092(0.031,26.177) 

<.0001 

Cotinine (nmol/mg Creatinine) 

49 

0.010 ±0.0056 
0.011(0.000,0.028) 

34 

9.997 ±6.2213 
8.635(0.034,26.338) 

<.0001 

7ra/M-3'-hydroxycotinine 
(nmol/mg Creatinine) 

49 

0.016 ±0.0134 
0.010(0.005,0.073) 

34 

27.202 ± 17.1841 
22.610(0.099,61.692) 

<.0001 

7>*a«j-3'-hydroxycotinine-0-glucuronide 
(nmol/mg Creatinine) 

45 

0.003 ± 0.0058 
0.001(0.000,0.030) 

33 

10.100 ±8.7971 
7.591(0.141,41.198) 

<.0001 

Nicotine-W-glucuronide 
(umol/mg Creatinine) 

49 

0.001 ± 0.0023 
0.000(0.000,0.011) 

33 

3.535 ±2.4194 
3.179(0.020,9.700) 

<.0001 

Cotinine-yV-glucuromde 
(nmol/mg Creatinine) 

49 

0.004 ± 0.0085 
0.000(0.000,0.035) 

34 

14.321 ± 8.9078 
14,464(0.075,40.962) 

<.0001 

Exhalate Biomarkers of Exposure 

Carbon monoxide (ppm) 

49 

5.3 ± 1.60 
5.2(0.3,9.4) 

34 

26.4 ± 12,81 
24.5(5.3,55.1) 

<.0001 


Source: Table 14.7-10 
a P-value from Witcoxon rank-sum test. 
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Table 8.1.3-3 Summary Statistics for Biomarkers of Exposure with Selected Units 
of Interest for Non-Leisure Visits (Week 6) 



Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Median(min,max) 

N 

Mean ± SD 
Mediajn(min,niax) 

P-value” 

Blood Biomarkers of Exposure 

Acetonitrile ((ng/mL)/2) 

27 

237.64 ±239.580 
119.94(30.00,886.61) 

22 

501.43 ±429.636 
382.88(97.44,140638) 

0.0050 

Carboxyhemoglobin (% saturation) 

27 

0.4 ± 0.27 
0.3(0.3,13) 

21 

5.0 ±3.50 
4.1(03,13.9) 

<.0001 

3-ABP-Hb adducts (pg/g hemoglobin) 

27 

0.59 ±0.255 
0.50(0.50,1.45) 

22 

6.46 ± 13.107 
3.11(0.50,6334) 

<-0001 

4-ABP-Hb adducts (pg/g hemoglobin) 

27 

9.17 ±3.932 
7.71(4.09,20.64) 

22 

77.69 ± 164.918 
38.15(7.27,808.80) 

<.0001 

Exhalate Biomarkers of Exposure 

Carbon monoxide (ppm) 

27 

6.8 ±2.71 
6.0(1,13.8) 

22 

29.6 ± 15.94 
25.6(4.0,70.5) 

<.0001 


Source: Table 14.7-10 
“ P-value from Wilcoxon rank-sum test. 


Summary statistics, including mean, standard deviation, median, minimum, and 
maximum, of carbon monoxide and carboxyhemoglobin for AM and PM collections for 
smokers and non-smokers on Week 1 through Week 6 are presented in Table 8.1.3-4. 
Also included in this table are the Wilcoxon rank-sum p-values comparing whether time 
of day affected the biomarker values in smokers and non-smokers. 

Overall comparisons between AM and PM collections for smokers and non-smokers 
using the Wilcoxon ranlc-sum test showed no statistically significant difference with the 
exception of carboxyhemoglobin AM and PM collections for non-smokers on Week 6 
(p-value = 0.0194). 
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Table 8.1.3-4 Statistical Comparison Between AM and PM for Smokers and 

Non-Smokers of Selected Bioniarkers of Exposure 


Exhalate Biomarker: Carboxyliemoglobin <% saturation) 




AM 

PM 


Timepoint 

Smoking 

Category 

N 

Mean ± SD 
Median(min,max) 

N 

Mean ± SD 
Median(min,max) 

P-value. a 

Week 1 

Smokers 

34 

4,5 ±3.21 

3.7 (0.3, 14.8) 

16 

4.3 ± 3.08 

4.2 (0.9,11.4) 

0.9585 


Non-smokers 

43 

0.4 ±0.17 

0.3 (0.3, 1.0) 

22 

0.4 ± 0.16 

0.3 (0.3,0.8) 

0.9400 

Week 2 

Smokers 

34 

4,2 ±3.12 

3.6 (0.3, 13.3) 

15 

3.6 ±2.81 

2.6 (0.3, 9.8) 

0.5875 


Non-smokers 

51 

0.4 ±0.13 

0.3 (0.3, 0.9) 

14 

0.4 ± 0.24 

0.3 (0.3, 1.1) 

0.8503 

Week 3 

Smokers 

37 

4.8 ±2.96 

4.1 (0.3, 11.3) 

9 

4.5 ± 3.49 

3.1 (0.7, 10.5) 

0.4974 


Non-smokers 

51 

0.5 ±0.48 

0.3 (0.3, 2.8) 

14 

0.6 ± 0.58 

0.4 (0.3, 2.5) 

0.1438 

Week 6 

Smokers 

31 

4.9 ±2.92 

4.5 (0.3, 13.9) 

10 

4.0 ±3.14 

3.3 (0.3, 9.2) 

0.3387 


Non-smokers 

54 

0.4 ±0.19 

0.3 (0.3, 1.3) 

11 

0.5 ± 0.25 

0.4 (0.3, 1.1) 

0.0194 


Source: Table 14.2.1-4 
a P-value from Wilcoxon rank-sum test. 
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Table 8.1.3-4 Statistical Comparison Between AM and PM for Smokers and 
Non-Smokers of Selected Biomarkers of Exposure 


Exhalate Biomarker: Carbon monoxide (ppm) 



AM 

PM 


Timepoint 

Smoking 

Category 

N 

Mean ± SD 
Median(min.max) 

N 

Mean ± SD 
Median! m in,max) 

P-value a 

Week 1 

Smokers 

34 

25.9 ± 15.01 

23.5 (7.8, 71.4) 

16 

27.2 ±15.10 

23.6 (8.4, 54.7) 

0.7948 


Non-smokers 

45 

5.6 ± 1.29 

5.7 (3.7, 9.1) 

20 

5.8 ± 1.52 

5.7 (3.6, 9.6) 

0.8086 

Week 2 

Smokers 

35 

26.2 ± 16.58 

21.8(4.5, 88.9) 

14 

20.3 ± 12.10 
17.3(6.7, 50.1) 

0.2590 


Non-smokers 

51 

5.0 ± 1.35 

5.0 (0.1, 7.7) 

14 

5.6 ±2.29 

5.3 (2.1, 9.6) 

0.6897 

Week 3 

Smokers 

38 

27.2 ±13.53 

25.0 (5.3, 60.7) 

8 

22.1 ± 18.93 
16.2(7.2,62.2) 

0.1778 


Non-smokers 

52 

5.3 ± 1.75 

5.1 (0.3, 10.6) 

13 

5.2 ±1.20 

5.8 (3.0, 6.8) 

0.6935 

Week 6 

Smokers 

33 

30.1 ± 13.31 

28.0 (5.0, 70.5) 

9 

25.9 ± 19.22 

14.8 (4.0, 54.0) 

0.3658 


Non-smokers 

55 

6.2 ±2.61 

5.7 (0.4, 13.8) 

10 

6.2 ± 1.21 

6.3 (4.5, 8.6) 

0.5789 


Source: Table 14.2.1-4 
“ P-value from Wilcoxon rank-sum test. 


8.1.4 Biomarkers of Exposure - Intra-Subject Variability and Inter-Subject 
Variability 

Intra-subject variability and inter-subject variability were derived for acetonitrile in 
blood, carboxyhemoglobin, 3-ABP-Hb adducts, 4-ABP-Hb adducts, sum of nicotine and 
nicotine metabolites, nicotine, cotinine, An«,v-3'-hydroxycotinine, trans- 3'- 
hydroxycotinine-Q-glucuronide, nicotine-N-glucuronide, cotinine-JV-glucuronide, and 
carbon monoxide. For each of these biomarkers of exposure, the best covariance structure 
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among compound symmetry, compound symmetry by smoking status, heterogeneous 
compound symmetry, and heterogeneous compound symmetry by smoking status was 
chosen based on Akaike’s criterion. Most biomarkers’ covariance structures were all by 
smoking status, an indication to a different variability between smokers and non-smokers. 
In case of a convergence problem, a simpler covariance structure or a change of 
biomarker units was considered and used as appropriate. Only 4-ABP-Hb adducts 
showed evidence of significant 2-way or 3-way interactions between gender, smoking 
status, and week. Additive models containing only the main effects (Group, Gender, and 
Week) seemed adequate for all the other biomarkers. As seen in post-text Tables 
14.1.1-5, 14.1.1-6, and 14.1.1-7, all the selected biomarkers of exposure showed a 
significant difference between smokers’ and non-smokers’ biomarker levels. All the 
findings seemed consistent with the nonparametric results. 

To extract the intra-subject variability and inter-subject variability, compound symmetry 

by smoking status was assumed for all the biomarkers of exposure. The use of compound 
symmetry by smoking status to extract the intra-subject and inter-subject variability was 
necessary as a simpler method to extract these values. The off diagonal term ai 2 from the 
compound symmetry was used as an estimate for the intra-subject variability while the 
diagonal term a 2 - 0 i 2 was used as an estimate for the inter-subject variability. The intra- 
and the inter-subject variability as well as the intra- and the inter-subject %CV are 
presented in Table 8.1.4-1. 

The %CV indicated high intra- and inter-subject variability for most biomarkers of 
exposure. Urine nicotine and nicotine metabolites between non-smokers had the highest 
%CV. The high %CV for the biomarkers of exposure indicated either an inherently high 
variability in these biomarkers or that some variability was not accounted for by the 
model utilized. The Sponsor’s expertise in smoking behavior and exposure may help in 
determining factors that can explain the high variability in the biomarkers of exposure. 
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Table 8.1.4-1 Intra- and Inter-Subject Variabilities for Biomarkers of Exposure 




Subject 



Standard 


Biomarker 

Group 

Variability 

Lsmean 

Variance 

Deviation % CV 

Blood Biomarkers pf Exposure"") 
Acetonitrile in bloo,d 

NonSmokers 

Intra 

0.20 

0.006 

0.080 

40.8 

NonSmokers 

Inter 

0.20 

0.053 

0.230 

116.7 


Smokers 

Intra 

0.44 

0.024 

0.156 

35.4 

O' 

Smokers 

Inter 

0.44 

0.154 

0.392 

89.2 

Carboxyhemoglobin (% saturation) 

NonSmokers 

Intra 

0.4 

0.02 

0.13 

30.9 


NonSmokers 

Inter 

0.4 

0.08 

0.29 

68.6 


Smokers 

Intra 

4.3 

7.86 

2.80 

64.5 


Smokers 

Inter 

4.3 

9.05 

3.01 

69.3 

3-ABP-Hb adducts (pg/g hemoglobin) 

NonSmokers 

Intra 

0.59 

0.000 

0.000 

0.0 


NonSmokers 

Inter 

0.59 

0.185 

0.430 

72.9 


Smokers 

Intra 

3.95 

9.562 

3.092 

78.4 


Smokers 

Inter 

3.95 

10.399 

3.225 

81.7 

4-ABP-Hb adducts (pg/g hemoglobin) 

NonSmokers 

Intra 

8.01 

11.904 

3.450 

43.1 


NonSmokers 

Inter 

8.01 

16.587 

4.073 

50.8 


Smokers 

Intra 

38.16 

343.544 

18.535 

48.6 


Smokers 

Inter 

38.16 

397.631 

19.941 

52.3 

24-Hour Urine Biomarkers of Exposure 
Sum of Nicotine and Nicotine metabolites 

NonSmokers 

Intra 

0.008 

0.0001 

0.0114 

137.2 

((nmol/mg Creatinine)/10) 

NonSmokers 

Inter 

0.008 

0.0005 

0.0222 

267.3 


Smokers 

Intra 

6.786 

17.5734 

4.1921 

61.8 


Smokers 

Inter 

6.786 

19.1395 

■ 4.3749 

64.5 

Nicotine (nmol/mg Creatinine) 

NonSmokers 

Intra 

0.024 

0.0021 

0.0458 

191.3 


NonSmokers 

Inter 

0.024 

0.0163 

0.1276 

533.1 


Smokers 

Intra 

9.315 

51.3661 

7.1670 

76.9 


Smokers 

Inter 

9.315 

73.2949 

8.5612 

91.9 

Cotinine (nmol/mg Creatinine) 

NonSmokers 

Intra 

0.014 

0,0002 

0.0153 

108.2 


NonSmokers 

Inter 

0.014 

0.0007 

0.0256 

180.5 


Smokers 

Intra 

8.721 

36.0831 

6.0069 

68.9 


Smokers 

Inter 

8.721 

43.3879 

6.5870 

75.5 

trails -3 -hydroxycotinine 

NonSmokers 

Intra 

0.027 

0.0011 

0.0325 

119.4 

(mnol/mg Creatinine) 

NonSmokers 

Inter 

0.027 

0.0022 

0.0468 

172.0 


Smokers 

Intra 

24.942 

296.8453 

17.2292 

69.1 


Smokers 

Inter 

24.942 

325.7711 

18.0491 

72.4 


Note: Negative estimates were reset to 0. Negative estimate in Mixed procedure is an indication of small 

variance estimate. 

Model includes group, gender, week, and all 2-way and 3-way interactions. Compound symmetry 
covariance structure by group was used to extract inter-subject variability and intra-subject 
variability. 

Subject 15 data was excluded from Week 6 in the above analysis. Subject had extremely high values 
for 3-ABP-Hb adducts and 4-ABP-Hb adducts at Week 6. 




fr-' 

“r ■' 
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Table 8.1.4-1 Intra-and Inter-Subject Variabilities for Biomarkers of Exposure 



Subject 



Standard 

% 

Biomarker 

Group 

Variability 

Lsmean 

Variance 

Deviation 

CV 

24-Hour Urine Biomarkers of Exposure 

trans-3 '-hydroxycotinine-O- 

NonSmokers 

Jntra 

0.007 

0.0001 

0.0098 

146.1 

glucuronide (nmol/mg Creatinine) 

NonSmokers 

Inter 

0.007 

0.0002 

0.0137 

204.4 


Smokers 

Jntra 

8.968 

58.6311 

7.6571 

85.4 


Smokers 

Inter 

8.968 

67.2931 

8.2032 

91.5 

Nicotine-V-glucuronlde 

NonSmokers 

Intra 

0.003 

0.0000 

0.0052 

166.7 

(nmol/mg Creatinine) 

NonSmokers 

Inter 

0.003 

0.0004 

0.0195 

622.0 


Smokers 

Intra 

3.056 

4.9177 

2.2176 

72.6 


Smokers 

Inter 

3.056 

6.9874 

2.6434 

86.5 

Cotinine-A^-glucuronide 

NonSmokers 

Intra 

0.009 

0.0002 

0.0143 

163.0 

(nmol/mg Creatinine) 

NonSmokers 

Inter 

0.009 

0.0004 

0.0199 

226.0 


Smokers 

Intra 

12.938 

82.8946 

9.1046 

70.4 


Smokers 

Inter 

12.938 

93.7510 

9.6825 

74.8 

Exhalate Biomarker of Exposure 

Carbon monoxide (ppm) 

NonSmokers 

Intra 

5.6 

0.26 

0.51 

9.1 


NonSmokers 

Inter 

5.6 

2.64 

1.62 

28.9 


Smokers 

Intra 

26.0 

185.11 

13.61 

52.2 


Smokers 

Inter 

26.0 

219.04 

14.80 

56.8 


Note: Negative estimates were reset to 0. Negative estimate in Mixed procedure is an indication of small 

variance estimate. 

Model includes group, gender, week, and all 2-way and 3-way interactions. Compound symmetry 
covariance structure by group was used to extract inter-subject variability and intra-subject 
variability. 

Subject 15 data was excluded from Week 6 in the above analysis. Subject had extremely high 

values for 3-ABP-Hb adducts and 4-ABP-Hb adducts at Week 6. 

8.1.5 Biomarkers of Exposure - Time Effect 


An overall test of time effect between the full model and the reduced model containing 
Group, Gender, and Group by Gender Interaction using a likelihood ratio test indicated 
that the biomarkers of exposure showed no time effect except for 4-ABP-Hb adducts and 
carbon monoxide in exhalate (see post-text Table 14.1.2-1). This indicated that a single 
sample collection on each subject for the TES would be sufficient. 
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8.1.6 Exposure-Response Modeling for Biomarkers of Exposure 

For biomarkers of exposure with assumed half-lives less than or equal to 3 days 
(Table 6.5.1-2), the self-exposure variable showed a significant effect on most 
biomarkers of exposure after controlling for other variables (variables listed in 
Table 6.5.1-3). However, self-exposure did not seem to explain the variability in 
acetonitrile in blood. Variability in acetonitrile in blood seemed to be explained mostly 
by the difference between males and females. The effect of self-exposure on carbon 
monoxide is also not statistically significant. External exposures such as exposure to 
cigarette smoke from spouse, exposure to cigarette smoke from others, exposure to 
cigarette smoke in vehicles, exposure to cigarette smoke at the workplace, and exposure 
to cigarette smoke in other places seemed to explain some variability in most biomarkers 
of exposure. Other variables such as body mass index, marital status, servings in fat, and 
age seemed to be good discriminating factors for some biomarkers of exposure. 

For biomarkers of exposure with assumed half-lives greater than 3 days (Table 6.5.1-2), 
the self-exposure variable also showed a significant effect on most biomarkers of 
exposure. External exposure variables, body mass index, marital status, servings in fat, 
and age also seemed to be good discriminating factors. 


In general, the final models for the biomarkers of exposure seemed to vary depending on 
half-life assumed in the calculation of self-exposure. Please note that no scientific 
association was investigated between the predictor variables and biomarkers of exposure 
in the exposure response modeling. 
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Table 8.1.6-1 Parameter Estimates for Biomarkers of Exposure with HaJf-Life 

Less Than or Equal to 3 Days (Exposure-Response Modeling 
Results From NLIN Procedure) 


Bio marker 


Acetonitrile^) 
((ng/mL)/2) J 


Carboxyhemoglobin 
(% saturation) 


Sum of Nicotine and Nicotine 

metabolites 

(nmol/mg Creatinine) 


Nicotine 

(nmol/mg Creatinine) 


Cotinine 

(nmol/mg Creatinine) 


Final Draft: 22 October 2003 


Parameter 

Estimate 

Quasi- 
Likelihood 
Ratio Test 
P-value 

Intercept 

-0.196336 

0.5805 

Self-exposure 

0.000491 

0.3376 

Age 

-0.012003 

0.1066 

Exercise 

-0.250411 

0.1417 

Gender 

0.445693 

0.0076 

Intercept 

0.2413 SO 

0.5765 

Self-exposure 

0.001215 

0.0075 

NAT2 Phenotyping 

0.278263 

0.0495 

Exposure to Cigarette Smoke From Visitors to 
Subject’s Home 

0.002559 

0.0408 

Exposure to Cigarette Smoke From Spouse at Home 

0.001539 

0.0254 

Systolic Blood Pressure 

-0.010957 

0.0015 

Triglycerides 

0.115723 

0.0869 

CYP1A2 Phenotyping 

0.221441 

0.1116 a 

Intercept 

0.855702 

0.1934 

Self-exposure 

0.004615 

<0.0001 

Diastolic Blood Pressure 

-0.029437 

0.0032 

Exposure to Cigarette Smoke in Places 

0.141714 

0.0003 

Servings High in Fat 

-0.013061 

0.0251 

Exposure to Cigarette Smoke From Spouse at Home 

0.002645 

0.0003 

Triglycerides 

0.223302 

0.0056 

CYP1A2 Phenotyping 

0.297173 

0.0470 

Interaction between Self-exposure and Exposure to 
Cigarette Smoke in Places 

-0.000604 

0.0004 

Intercept 

-1.497743 

<0.0001 

Self-exposure 

0.001604 

0.0022 

Age 

0.014508 

0.0175 

NAT2 Phenotyping 

0.273895 

0.0551 

Exposure to Cigarette Smoke From Visitors to 
Subject’s Home 

0.001762 

0.0910 

Servings Fligh in Fat 

-0.007038 

0.0001 

Exposure to Cigarette Smoke From Spouse at Home 

0.002005 

0.0036 

Intercept 

-0.061131 

0.8832 

Self-exposure 

0.001643 

0.0011 

Age 

0.009740 

0.1147 

Body Mass Index 

-0.020746 

0.0266 

Job Status 

-0.443813 

0.0043 

Servings High in Fat 

-0.011072 

0.0199 

Exposure to Cigarette Smoke From Spotise at Home 

0.002641 

<0.0001 

CYP1A2 Phenotyping 

0.250673 

0.0694 
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Parameter Estimates for Biomarkers of Exposure with Half-Life 
Less Than or Equal to 3 Days (Exposure-Response Modeling 
Results From NLIN Procedure) 


Biomarker 

Parameter 

Estimate 

Quasi- 
Likelihood 
Ratio Test 
P-value 

Trans-S'-hydroxycotinine 

Intercept 

-0.372936 

0.3648 

(nmol/mg Creatinine) 

Self-exposure 

0.001811 

0.0029 


Alcohol Use 

0.320010 

0.1083 


Body Mass Index 

-0.045218 

<0.0001 


Use of Air Filtration Device 

0.197364 

0.0024 


Type of Heating System At Home 

0.414330 

0.0124 


Exposure to Cigarette Smoke in Places 

0.066737 

0.0013 


Servings High in Fat 

-0.017007 

0.0024 


Gender 

-0.425968 

0.0016 


Exposure to Cigarette Smoke From Spouse at Home 

0.002241 

0.0013 


Triglycerides 

0.259458 

0.0006 


Exposure to Cigarette Smoke at the Work Place 

0.081292 

0.0407 


CYP1A2 Phenotyping 

0.458212 

0.0025 

Trans-1 '-hy droxycoti ni ne-O- 

Intercept 

-0.551557 

0.1890 

glucuronide 

Self-exposure 

0.002307 

<0.0001 

(nmol/mg Creatinine) 

Age 

0.026152 

0.0001 


Use of Air Filtration Device 

0.284836 

0.0036 


Marital Status 

-0.512928 

0.0005 


Exposure to Cigarette Smoke in Places 

0.054133 

0.0005 


Servings High in Fat 

-0.009416 

0.0190 3 


Exposure to Cigarette Smoke From Spouse at Home 

0,001499 

0.0146 


Systolic Blood Pressure 

-0.010584 

0.0008 


Triglycerides 

0.142576 

0.0064 

Nicoti ne-/V-gl ucuronide 

Intercept 

-0.568999 

0.1073 

(nmol/mg Creatinine) 

Self-exposure 

0.027839 

0.0051 


Alcohol Use 

-0.339502 

0.0898 


Job Status 

-0.391376 

0.0291 


Triglycerides 

0.278758 

0.0164 


Interaction between Self-exposure and Triglycerides 

-0.005798 

0.0775 

Cotinine-/V-glucuronide 

Intercept 

0.081336 

0.8863 

(nmol/mg Creatinine) 

Self-exposure 

0.055378 

<0.0001 


Marital Status 

-0.260415 

0.1589 


Exposure to Cigarette Smoke in Places 

0.198163 

<0.0001 


Servings High in Fat 

-0.009996 

0.0737 a 


Systolic Blood Pressure 

-0.011027 

0.0109 


Triglycerides 

0.266432 

0.0040 


Exposure to Cigarette Smoke at the Work Place 

0.126693 

0.0003 


Interaction between Self-exposure and Exposure to 
Cigarette Smoke in Places 

-0.011025 

0.0005 
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Table 8.1.6-1 

Parameter Estimates for Biomarkers of Exposure with Half-Life 
Less Than or Equal to 3 Days (Exposure-Response Modeling 
Results From NLIN Procedure) 

Biomarker 

Parameter 

Estimate 

Quasi- 
Likelihood 
Ratio Test 
P-value 

Carbon monoxide 

Intercept 

0.044879 

0.9285 

(ppm) 

Self-exposure 

0.000611 

0.1906 


Marital Status 

0.210444 

0.1442 


NAT2 Phenotyping 

0.243929 

0.0689 


Exposure to Cigarette Smoke From Visitors to 

0.004389 

0.0025 


Subject’s Home 

Exposure to Cigarette Smoke From Spouse at Home 

0.002377 

0.0042 


Systolic Blood Pressure 

-0.007730 

0.0310 


Triglycerides 

0.112438 

0.0873 


Exposure to Cigarette Smoke in Vehicles 

-0.048106 

0.0656 


CYP1A2 Phenotyping 

0.299765 

0.0282’ 


Source: 14.1.3-3. 

a Wald p-value was shown instead of quasi-likelihood p-value due to unresolved covergence problems. 


Table 8.1.6-2 Parameter Estimates for Biomarkers of Exposure with Half-Life 
Greater Than 3 Days (Exposure-Response Modeling Results From 



NLIN Procedure) 



Biomarker 

Parameter 

Estimate 

Quasi- 
Likeiihood 
Ratio Test 
P-value 

3-ABP-Hb adduct 

Intercept 

0.878802 

0.0541 

(pg/g hemoglobin) 

Self-exposure 

0.000036 

0.0320 


Marita] Status 

-0.409828 

0.0015 


NAT2 Phenotyping 

-0.475411 

0.0002 


Exposure to Cigarette Smoke in Places 

-0.002158 

0.0090 


Exposure to Cigarette Smoke From Spouse at Home 

0.000049 

0.0090 


Systolic Blood Pressure 

-0.013594 

0.0001 


Triglycerides 

0.147538 

0.0051 


Use of Vitamins 

0.226863 

0.0824 


Exposure to Cigarette Smoke at the Work Place 

0.000928 

0.0310 


CYP1A2 Phenotyping 

0.242086 

0.0591* 

4-ABb-Hb adduct 

Intercept 

0.816167 

0.0910 

(pg/g hemoglobin) 

Self-exposure 

0.000058 

0.0002 


Marital Status 

-0.339105 

0.0157 


Exposure to Cigarette Smoke From Spouse at Home 

0.000031 

0.1273 


Systolic Blood Pressure 

-0.011079 

0.0016 


CYP1A2 Phenotyping 

0.336045 

0.0132’ 
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Table 8.1.6-2 Parameter Estimates for Biomarkers of Exposure with Half-Life 
Greater Than 3 Days (Exposure-Response Modeling Results From 
NLIN Procedure) 


Biomarker 

Parameter 

Quasi- 
Likelihood 
Ratio Test 
Estimate P-value 

Sum of Nicotine and Nicotine 

Intercept 

0.434195 

0.2471 

metabolites 

Self-exposure 

0.000113 

0.0001 

(nmol/mg Creatinine) 

Body Mass Index 

-0.038614 

0.0008 


Use of Air Filtration Device 

0.298491 

0.1423“ 


Exposure to Chemicals and/or Engine Exhaust at the Job 

0.821517 

0.0073 


Job Status 

-0.289569 

0.1340 


NAT2 Phenotyping 

0.396020 

0.0291 


Exposure to Cigarette Smoke in Places 

-0.004579 

0.0016 


Servings High in Fat 

-0.020295 

0.0020 s 


Gender 

-0.282066 

0.0909 


Exposure to Cigarette Smoke From Spouse at Home 

0.000105 

0,0001 


Triglycerides 

0.298730 

0.0003 

Nicotine 

Intercept 

-1.554667 

<0.0001 

(nmol/mg Creatinine) 

Self-exposure 

0.000071 

0.0002 


Age 

0.016191 

0.0090 


NAT2 Phenotyping 

0.259864 

0.0671 


Exposure to Cigarette Smoke in Places 

-0.001426 

0.1134 


Servings High in Fat 

-0.005800 

0.0993 

Cotinine 

Intercept 

0.382162 

0.5203 

(nmol/mg Creatinine) 

Self-exposure 

0.000072 

0.0001 


Age 

0.017243 

0.0045 


Diastolic Blood Pressure 

-0.023468 

0.0025 


Use of Air Filtration Device 

0.390216 

0.0180 


Job Status 

-0.255541 

0.0999 


NAT2 Phenotyping 

0.460028 

0.0021 


Exposure to Cigarette Smoke in Places 

-0.002411 

0.0761 


Exposure to Cigarette Smoke From Spouse at Home 

0.000047 

0.0488 


Exposure to Cigarette Smoke in Vehicles 

-0.002919 

0.0097 


Use of Vitamins 

0.298005 

0.0515 

Nicotine-A'-glucuronide 

Intercept 

0.690542 

0.2538 

(nmol/mg Creatinine) 

Self-exposure 

-0,001717 

0.1356 


Alcohol Use 

-0.698390 

0.0007 


Body Mass Index 

-0.016946 

0.4301 


Use of Air Filtration Device 

0.362209 

0.0074 


Job Status 

-0.275891 

0.0924 


Marital Status 

-0.285040 

0.0476 


NAT2 Phenotyping 

0.357118 

0.0231 


Exposure to Cigarette Smoke in Places 

-0.004530 

0.0017 


Exposure to Cigarette Smoke From Spouse at Home 

0.000068 

0.0054 


Exposure to Cigarette Smoke in Vehicles 

-0.002157 

0.0529 


CYP1A2 Phenotyping 

-0.267544 

0.1069 


Interaction between Self-exposure and Body Mass Index 

0.000093 

0.0212 
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Table 8.1.6-2 Parameter Estimates for Biomarkers of Exposure with Half-Life 

Greater Than 3 Days (Exposure-Response Modeling Results From 
NLIN Procedure) 

Biomarker Parameter 

Estimate 

Quasi- 
Likelihood 
Ratio Test 
P-value 

Cotinine-A ; -g!ucuronidc Intercept 

0.688627 

0.3583 

(nmol/mg Creatinine) Self-exposure 

-0.001689 

0.1708 

Alcohol Use 

-0.404278 

0.0708 

Body Mass Index 

-0.052639 

0.0459 

Marital Status 

-0.347023 

0.0334 

Exposure to Cigarette Smoke in Places 

-0.004679 

<0.0001 

Gender 

-0.648578 

<0.0001 

Exposure to Cigarette Smoke From Spouse at Home 

0.000058 

0.0404 

Triglycerides 

0.361298 

0.0018 

Exposure to Cigarette Smoke in Vehicles 

0.004186 

0.1486 

Exposure to Cigarette Smoke at the Work Place 

0.003739 

0.0011 

Interaction between Self-exposure and Body Mass Index 

0.000142 

0.0036 

Interaction between Self-exposure and Triglycerides 

-0.000315 

0.0248 

Interaction between Self-exposure and Exposure to 

-0.000008 

0.0451 

Cigarette Smoke in Vehicles 

Interaction between Self-exposure and Exposure to 

-0.000005 

0.0285 

Cigarette Smoke at the Work Place 




Source: 14.1.3-4. 


8.1.7 Evaluation of Biomarkers of Exposure for Non-Smokers Exposed to ETS and 
Non-Smokers Not Exposed to ETS 


As seen in Table 8.1.7-1 below, the nonparametric evaluation of non-smokers exposed 
and non-smokers not exposed to ETS showed statistically significant differences for the 
sum of nicotine and nicotine metabolites, trans-2> '-hydroxy cotinine, trans- 3'- 
hydroxycotinine-O-glucuronide, nicotine-TV-glncuronide, and cotinine-A’-glucuronide at 
all sample collection times. The 4-ABP-Hb adducts showed a significant difference only 
on Week 1, while nicotine and cotinine showed a significant difference only on Week 2. 


Evaluation of ETS was also done for every single source of exposure as well as a 
combination of sources of exposure. The statistical significance seemed to vary by source 
of exposure, biomarker of exposure, and week (see post-text Tables 14.1.4.2-3 and 
14.1.4.2-4). 
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Statistical correlation analyses between biomarkers of exposure and exposure to ETS 
calculated for the 3 days prior to sample collection or for the 3 months prior to 
Enrollment did not show any evidence of strong relationships between biomarkers of 
exposure and either weighted or non-weighted duration of exposure (see post-text Tables 
14.1.4.2-5 and 14.1.4.2-6). 


Table 8.1.7-1 Statistical Comparison Between Non-Smokers Exposed and Notr 
Smokers Not Exposed to Environmental Tobacco Smoke 


Biomarker 

Timepoint 

P-value" 

4-ABP-Hb adducts (pg/g hemoglobin) 

Enrollment 

0.0627 


Week 1 

0.0032 


Week 6 

0.5974 

Sum of Nicotine and Nicotine metabolites (nmol/mg Creatinine) 

Enrollment 

0.0021 


Week 1 

0.0040 


Week 2 

<.0001 


Week 3 

0.0057 

Nicotine (nmol/mg Creatinine) 

Enrollment 

0.3843 


Week 1 

0.4031 


Week 2 

0.0064 


Week 3 

0.9172 

Cotinine (nmol/mg Creatinine) 

Enrollment 

0.3676 


Week 1 

0.4254 


Week 2 

0.0008 


Week 3 

0.1767 

7>u/M-3'-hydroxycotinine (nmol/mg Creatinine) 

Enrollment 

0.0004 


Week 1 

0.0073 


Week 2 

<0001 


Week 3 

0.0031 

7>cjnj-3'-hydroxycottnine-0-glucuronide (nmol/mg Creatinine) 

Enrollment 

<.0001 


Week 1 

0.0284 


Week 2 

0.0061 


Week 3 

<.0001 

Nicotine-AT-glucuronide (nmol/mg Creatinine) 

Enrollment 

0.0021 


Week 1 

0.0158 


Week 2 

0.0001 


Week 3 

0.0002 

Cotinine-N-glucuronide (nmol/mg Creatinine) 

Enrollment 

<.0001 


Week 1 

0.0012 


Week 2 

<0001 


Week 3 

<.0001 


Source: Table 14.1.4.2-1 and Table 14.1.4.2-2. 


NOTE: Week 1 biomarker data was used to estimate the exposure in non-smokers who had 
exposure to or who had no exposure to ETS within the 3 months prior to Enrollment. 
ETS exposure in the 3 days prior to the Week 1, 2, 3, or 6 visit was used for the 
biomarker data at these timepoints, 
a P-value from Wilcoxon rank-sum test. 
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8.1.8 Discussion for Biomarkers of Exposure 

Caution should be exercised in the interpretation of the results since the sample size 
selected for this study was not based on a power calculation. For all hypothesis tests, 
statistical significance was declared at 0.05 level with no adjustments for multiple 
comparisons. The imbalance in sample sizes that existed in some comparisons such as 
comparison between smokers and non-smokers during leisure and non-leisure visits 
should be taken into account while interpreting the results. In most cases in the ETS 
evaluation by source of exposure, the number of non-smokers not exposed was 
substantially greater than the number of non-smokers exposed. In some cases the p-value 
derived based on Wilcoxon rank-sum test was statistically significant even when the 
median values were equal. The Wilcoxon rank-sum test assumes that the underlying 
population distributions are the same for the two samples with the exception of a shift in 
location. Arty deviation from this assumption can potentially result in a significant p- 
value even though the medians are the same. 

Parametric as well as nonparametric analyses showed a significant difference in all the 
selected biomarkers of exposure between smokers and non-smokers by week and overall. 
The sum of nicotine and nicotine metabolites was the most discriminatory biomarker 
between smokers and non-smokers. Acetonitrile in exhalate, unexpectedly and without 
biological plausibility, had substantially larger values in non-smokers than smokers. 
Acetonitrile in blood had the most outliers as compared to other biomarkers of exposure. 

Most biomarkers of exposure had a high intra-subject variability and a high inter-subject 
variability that could not be explained by inter-assay variability (analytical %CV) which 
was generally low. 

Exposure-response modeling for biomarkers of exposure indicated a significant effect of 
self-exposure on most biomarkers. External exposures such as exposure to cigarette 
smoke from spouse, exposure to cigarette smoke from others, exposure to cigarette 
smoke in vehicles, exposure to cigarette smoke at the workplace, and exposure to 
cigarette smoke in other places seemed to explain some variability in most biomarkers of 
exposure. However, the final models for the biomarkers of exposure seemed to vary 
depending on the biomarker’s half-life assumed in the calculation of self-exposure. 

Statistical significance for the difference between smokers and non-smokers was similar 
regardless of leisure or non-leisure visits for biomarkers of exposure. 
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Evaluation of non-smokers exposed and non-smokers not exposed to ETS showed 
statistically significant differences for the sum of nicotine and nicotine metabolites, trans - 
3'-hydroxycotinine, /ra«s-3'-hydroxycotinine-<3-glucuronide, nicotine-A'-glucuronide, 
and cotinine-A r -glucuronide at all sample collection times. The 4-ABP-Hb adducts, 
nicotine, and cotinine showed a significant difference at only one of the visits. 

8.1.9 Conclusions for Biomarkers of Exposure 

The following biomarkers of exposure are recommended for the TES based upon method 
feasibility and ruggedness, ease of specimen collection, and ability to differentiate 
between smokers and non-smokers: 

• Nicotine and nicotine metabolites 

• Carboxyhemoglobin 

• 4-ABP-Hb adducts 

The other biomarkers of exposure were not chosen based upon variability and instability 
within the method (NNK metabolites [NNAL and NNAL-glucuronide]), variability 
within the method (acetonitrile in exhalate), or difficulty in specimen collection (exhalate 
for acetonitrile). As a biomarker of the gas-vapor phase of tobacco smoke, acetonitrile in 
blood did not differentiate as well between smokers and non-smokers and involved a 
more cumbersome assay than did carboxyhemoglobin. 

A single sample collection on each subject would be sufficient to meet the objective of 
the TES since the biomarkers of exposure showed no time effect except for carbon 
monoxide and 4-ABP-Hb adducts. 

8.2 Biomarkers of Effect - Method/Result Issues 
8.2.1 Malondialdehyde: Method/Result Issues 

There was no significant difference between urine malondialdehyde levels in smokers 
and non-smokers at all timepoints. 

Caution should be used in interpreting the plasma malondialdehyde values, particularly at 
Week 6. At any timepoint, up to 54% of plasma malondialdehyde levels were BLLOQ, 
particularly in non-smokers and in female smokers, and particularly at Week 6. Average 
levels in smokers were significantly higher than in non-smokers at Weeks 1 and 3. 
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At Week 6, the average level in smokers was significantly lower than in non-smokers due 
to the large number of smokers, especially males, with previously elevated levels who 
now had levels BLLOQ. The analytical laboratory was queried and confirmed that the 
raw data matched the values that were in the downloaded and analyzed data. 

8.2.2 Biomarkers of Effect - Results 

Scatter plots in Figures 8.2.2-1 through B.2.2-8 show the relationship between the sum of 
nicotine and nicotine metabolites and HDL-cholesterol, LDL-cholesteroI, fibrinogen, 
C-reactive protein, malondialdehyde in blood, 1 l-dehydro-thromboxane-B 2 , S~epU?G¥ 2 a, 
and malondialdehyde in urine, respectively, for Week 1 data. The plots show the fitted 
regression lines with the corresponding coefficient of determination. There is no 
noticeable trend between the sum of nicotine and nicotine metabolites and biomarkers of 
effect with the exception of sum of nicotine and nicotine metabolites and S-e/v'-PGFja 
and 1 l-dehydro-thromboxane-Bj. 
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R-square = 0.02 



]=FEMALE/SMOKERS; 2=FEMALE/NON-SMOKERS; 3=MALE/SMOKERS; 4=MALE/NON-SMOKERS 

Source: Figure 14.11.5-16 


Figure 8.2.2-1 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

HDL-cholesterol 
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R-square = 0.05 



l=FEMALE/SMOKERS; 2= FEMALE/NON-SMOKERS; S=MALE/SMOKERS' 4=MALE/NON-SMOKERS 

Source: Figure 14.11.5-17 

Figure 8.2.2-2 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

LDL-cholesterol 


Final Draft; 22 October 2003 


Page 142 of 15260 


PM3006437467 


Source: https://www.industrydocuments.ucsf.edu/docs/ljkj0001 



PLasma Blood Bt,orr»arlcer of Effect: 
Fi"r>rin_ogon (mg/dL) 


RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


R-square = 0.06 



I =FEMALE/SMOKERS; 2=FEMALE/N0N-SM0KERS; 3=MALE/SMOKERS; 4=MALE/NON-SMOKERS 

Source: Figure 14.11.5-18 

Figure S.2.2-3 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

Fibrinogen 
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R-square = 0.00 



t=FEMALE/SMOKERS; 2=FEMALE/NON-SMOKERS; 3MVIALE/SMOK.ERS; 4=MALE/N0N-SM01CERS 

Source: Figure 14.11,5-19 

Figure 8.2.2-4 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

C-Reactive Protein 
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Malondi&ldeh yde (^mol/L) 


RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


R-square = 0.02 



1-FEMALE/SMOKERS; 2=FEMALE/NON-SMOKERS; 3-MALE/SMOKERS; 4=MALE/NON-SMOKERS 

Source: Figure 14.11.5-20 

Figure 8.2.2-5 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

Malondialdehyde in blood 
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34-Hour Urine Biomsrker of Effect: 
-Dehydro —thromboxane 03 (pg/mg CreAtininft) 


RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


R-square = Oil 



1 “FEMALE/SMOKERS; 2-FEMALE/NON-SMOKERS; 3-MALE/SMOKERS; 4-MALE/NON-SMOKERS 

Source; Figure 14.11.5-21 

Figure 8.2.2-6 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

1 l-Dehydro-thromboxane-B 2 
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RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 





RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


R-square = Q.07 



24-Hour Urine Biomarker of Exposure: Sum of Nicotine and Nicotine metabolites (nmol/mg Creatinine) 


1-FEMALE/SMOK.ERS; 2=FEMALE/NON-SMOKERS; 3=MALE/SMOKERS; 4-MALE/NON-SMOKERS 

Source; Figure 14.11.5-23 

Figure 8.2.2-8 Scatter Plot of Sum of Nicotine and Nicotine Metabolites versus 

Malondialdehyde in urine 

Boxplots, as depicted in Figures 8.2.2-9 through 8.2.2-16, show distribution 
characteristics by smoking status for HDL-cholesterol, LDL-cholesterol, fibrinogen, 
C-reactive protein, malondialdehyde in blood, and ll-dehydro-thromboxane-B 2> 
8 -fyy/-PGF 2 a, and malondialdehyde in urine, respectively, for Week 1 data. 
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Covance CRU Study No. 12226-8450 


The average values of 8 -epi-PGF 2 a , 1 1 -dehydro-thromboxane-B 2 , fibrinogen, and 
C-reactive protein were greatest in smokers who smoked > 20 cigarettes on average per 
day and least among non-smokers. For LDL-cholesterol and plasma malondialdehyde, 
average values were also greater in smokers than non-smokers, but greater in smokers of 
< 20 cigarettes per day than in smokers of >= 20 cigarettes per day. Average levels of 
urine malondialdehyde were not significantly different between smokers and 
non-smokers. 

The boxplot in Figure 8.2.2-9 shows the distribution of HDL-cholesterol. 
HDL-cholesterol was highest on average in non-smokers as compared to smokers. In 
smokers it was higher in smokers who smoke <= 20 cigarettes on average per day than 
smokers who smoke >= 20 cigarettes on average per day. 
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Plasma Blood Biomarker of Effect: 
HDL-cholesterol (mg/dL) 


RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Lower and upper borders of the box are the 26th and 75th percentiles respectively 
Lower and upper whiskers of the box ere the min and max values within 1.6 times the quartSe range respectively 
Plus signs are mean values 
Middle bars ore median values 

Gullying points are defined as those point* < 25lh -1.5(15th - 25th) ar > 15th + 1.5{?5th - 25th) 
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Boxplot for Week 1 HDL-cholcsterol (mg/dL) by Smoking Status and Number of*Cigarettes Consumed 
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Figure 8.2.2-9 Boxplot of Number of Cigarettes Smoked per Day versus 

HDL-CholesteroI 
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Plasma. Blood Biomarl<er of Effect.: 
LDL^cholesterol (mg/dL) 


RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Lower and upper borders of the box are the 25tb and 75th percentiles respectively 

Lover and upper whiskers of the box are the. min and max values within 1.5 timet the quartfle range respectively 
Plus signs are mean values 
Middle bars are mediae values 

Outlying points are defined as those points < 35th —l .B(75th - 25th) or > 7Srth +1.5(?5Ui - 25th) 



Non-Smokers Smokers <20 Cigarettes Smokers >=20 Cigarettes 

SMOKING STATUS 

Source: Figure 14.11.9.5-18 

Boxplot for Week 1 LDL-cholesterol (mg/dL) by Smoking Status and Number of Cigarettes Consumed 

Figure 8.2.2-10 Boxplot of Number of Cigarettes Smoked per Day versus 

LDL-CholesteroI 
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Loiw and upper borders < j ! the box are Hie 25th and 75Lti percentiles respectively 

Lower and upper whiskers of lie bo» are the min and max values vrilhm 1.5 times the quBrtile range respectively 
Plus signs are mean values 
Middle bars are median values 

Outlying poinlo ora defined as those points < 26th —1.5{75th — 25th) or > 75th +1.5(75th - 25th) 
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Source: Figure 14.11.9.3-19 

Boxplot for Week I Fibrinogen (mg/dL) by Smoking Status and Number of Cigarettes Consumed 


Figure 8.2.2-11 Boxplot of Number of Cigarettes Smoked per Day versus Fibrinogen 
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Lower and upper tor dare of the box are the 25tb and 75 th percentiles reap ec Lively 
Lower and upper whiskers of the box are the min and max values within 1.5 times the quartile range respectively 
Plus signs are mean values 
Middle bars are median values 

Outlying points are defined as those points < £5tb - l»S{75th - 26 th) or > 75Lh +1,5(75th - 25th] 



Non-Smokers Smokers <20 Cigarette* Smokers >=2fl Cigarettes 


SMOKING STATUS 
Source: Figure 14.11.9,3-20 

Boxplot for Week 1 C-reactive protein (mg/dL) by Smoking Status and Number of Cigarettes Consumed 

Figure 8.2.2-12 Boxplot of Number of Cigarettes Smoked per Day versus C-Reactive 

Protein 
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Plasma Blood. Biomarker of Effect: 
Malondialdehyde (^mol/L) 


RSR 

Protocol "No. PM-8450 

Covance CRU Study No. 12226-8450 


Lover and upper borders of the box are the 25 th and ?5Lh percentiles rccpeciively 
lever end upp«r whisker* of the box are the min and max value* within l .fi limes the quartile range respectively 
Plus signs are mean value* 

Middle bam are median values 

Outlying point* arc defined, as those points < 25th - 1.5{75lh - 25th) or > 75th + 1 ,5(75th - 25th) 
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Figure 8.2.2-13 Boxplot of Number of Cigarettes Smoked per Day versus 

Malondialdehyde in Blood 
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24-Hour Urine Biomarker of Effect: 

1 l-Deiiydro-thromboxane 732 (pg/rng Creatinine) 


RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


lovflr end upper borders of the box we the 25th end 75 th percentiles respectively 
Lower and upper whisker* of the bon are the rain artd max values within 1.5 limes the quartik range respectively 
Plus signs tire mean values 

Middle hail are median valued 
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Source: figure 14.11.9.3-22 

Box plot for Week l 1 1 -DehydrO-thrOrtibOxane B2 (pg/mg Creatinine) by Smoking Status and Number of Cigarettes Consumed 

Figure 8.2.2-14 Boxplot of Number of Cigarettes Smoked per Day versus 
1 l-Dehydro-thromboxane-B 2 
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E4-Hour Urine Biomarker of Effect: 
-Epl—prostaglandin F2tx (pg/mg Creatinine) 


RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Low and upper border* of the box are the £5th and 75lh percentiles respectively 
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Boxplot for Week 1 8-Epi -prostaglandin F20t (pg/mg Creatinine) by Smoking Status and Number of Cigarettes Consumed 

Figure 8.2.2-15 Boxplot of Number of Cigarettes Smoked per Day versus 

8-epi-FGFia 
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Protocol No. PM-8450 
CovanceCRU Study No. 12226-8450 


Lower and upper borders of the box ere the 25Ui and 75th percentiles respectively 
Lower ond upper whiskers oi the box are the min and Trtax values within 1.5 times the ejuarlile range respectively 
Plus signs arc mean values 
Middle bars are median values 

Outlying points are defined as those points < 25th -1.5(75t1i - 25th) or > 75th +1.5(75Ui - 25tb) 
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Boxpiot for Week 1 Malondialdehyde {pmol/mg Creatinine) by Smoking Status and Number of Cigarettes Consumed 

Figure 8.2.2-16 Boxplot of Number of Cigarettes Smoked per Day versus 

Malondialdehyde in Urine 


Table 8.2.2-1 shows summary statistics by smoking status for biomarkers of effect 
collected on Week 1, Week 2, Week 3, and Week 6, respectively. 


Smokers had consistently greater average levels of blood fibrinogen and C-reactive 
protein and urine 8-e/??-PGF 2r : ! than non-smokers, and the average levels increased with 
the number of cigarettes smoked per day, with levels in smokers of >= 20 cigarettes per 
day being greater than in smokers of < 20 cigarettes per day. Smokers also had 
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RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


consistently greater average levels of urine 11 -dehydro-thromboxane-Bi, than 
non-smokers, but average levels were greater in smokers of < 20 cigarettes per day than 
in smokers of >= 20 cigarettes per day. 

Average LDL-cholesterol levels were consistently greater in smokers of < 20 cigarettes 
per day than in non-smokers and in smokers of > 20 cigarettes per day. At Week 6, the 
mean (but not median) LDL-cholesterol level in non-smokers was greater than in 
smokers of >= 20 cigarettes per day. Average HDL-choIesterol levels were slightly less 
in smokers than non-smokers. At Weeks 3 and 6, average HDL-cholesterol was lower in 
smokers of < 20 cigarettes per day than in smokers of >= 20 cigarettes per day. 

There was no significant difference between smokers and non-smokers for 
malondialdehyde levels in urine. Caution must be used in interpreting the plasma 
malondialdehyde levels due to the large number of subjects, particularly male smokers at 
Week 6, with levels BLLOQ (see Section 8.2.1). 


Table 8.2.2-1 Summary Statistics for Biomarkers of Effect with Selected Units of 
Interest by Smoking Status (Week 1) 


Bio marker 

Smoking 

Category 

N 

Statistics 

Mean ± SD 
Median(min,max) 

Blood Biomarkers of Effect 

HDL-cholesterol (mg/dL) 

Non-Smokers 

65 

55 ± 15.0 

52(26,96) 


Smokers <20 Cigarettes 

31 

47 ± 10.0 

49(29,62) 


Smokers >=20 Cigarettes 

19 

46 ± 14.3 

45(23,81) 

LDL-cholesterol (mg/dL) 

Non-Smokers 

63 

113 ±29.9 
110(56,200) 


Smokers <20 Cigarettes 

31 

125 ±33.7 
124(61,231) 


Smokers >=20 Cigarettes 

17 

116 ±29.6 
120(55,167) 

Fibrinogen (mg/dL) 

Non-Smokers 

65 

256 ±72.1 
257(117,474) 


Smokers <20 Cigarettes 

31 

302 ±78,0 
279(186,550) 


Smokers >=20 Cigarettes 

19 

315 ± 81.3 
296(234,573) 
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Table 8.2.2-1 Summary Statistics for Biomarkers of Effect with Selected Units of 
Interest by Smoking Status (Week 1) 


Biomarker 

Smoking 

Category 

N 

Statistics 

Mean ± SD 

Med!an( min, max) 

Blood Biomarkers of Effect 

C-reactive protein (mg/dL) 

Non-Smokers 

65 

0.307 ±0.7177 
0.125(0.020,5.500) 


Smokers <20 Cigarettes 

31 

0.400 ± 0.5582 
0.225(0.020,2.790) 


Smokers >=20 Cigarettes 

19 

0.418 ±0.4858 
0.172(0.020,1.530) 

Malondialdehyde (pmol/L) 

Non-Smokers 

65 

0.45 ± 0.075 
0.40(0.40,0.75) 


Smokers <20 Cigarettes 

3J 

0.53 ±0.146 
0.48(0.40,0.88) 


Smokers >=20 Cigarettes 

19 

0.47 ± 0.090 
0.40(0.40,0.64) 

24-Hour Urine Biomarkers of Effect 

11 -Dehydro-thromboxane B; 

(pg/mg Creatinine) 

Non-Smokers 

65 

665.795 ±250.2407 

689.300( 104.3 1 4,1314.159) 


Smokers <20 Cigarettes 

31 

995.221 ±472.3991 
944.882(345.794,2284.404) 


Smokers >=20 Cigarettes 

19 

987.244 ± 494.8507 

921.480(356.564,1942.893) 

S-(?p/-Prostaglandin-F>„ 

(pg/mg Creatinine) 

Non-Smokers 

65 

1058.652 ± 352.2023 
1044,811(337.011,2047.308) 


Smokers <20 Cigarettes 

31 

1860.669 ± 1050.4133 
1627.981(628.533,5774.566) 


Smokers >=20 Cigarettes 

19 

2129.564 ± 749.4306 

2199.2171476.190.3277,093) 

Malondialdehyde 
(gmol/mg Creatinine) 

Non-Smokers 

65 

0.002 ±0.0012 
0.001(0.001,0.009) 


Smokers <20 Cigarettes 

31 

0.002 ±0.0013 
0.001(0.001,0.006) 


Smokers >=20 Cigarettes 

19 

0.002 ±0.0012 
0.002(0.001,0.006) 
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Table 8.2.2-1 Summary Statistics for Biomarkers of Effect with Selected Units of 
Interest by Smoking Status (Week 2) 


Biomarker 

Smoking 

Category 

N 

Statistics 

Mean ± SD 

Median( m in,max) 

24-Hour Urine Biomarkers of Effect 

1 1 - Dehydro-thromboxane B 2 
(pg/mg Creatinine) 

Non-Smokers 

65 

734.290 ±304.3971 
729.670(261.458,1988.571) 


Smokers <20 Cigarettes 

30 

976.391 ±463.3996 

905.155(250.508.2312.883) 


Smokers >=20 Cigarettes 

19 

1128.106 ±544.6795 
948.823(269.939,2299.270) 

8 -e/J/-Prosta£!andin-F 2 « 

(pg/mg Creatinine) 

Non-Smokers 

65 

1156.926 ±390.0618 

1090.643(421.429,2750.000) 


Smokers <20 Cigarettes 

30 

2020.810 ± 1285.4969 
1467.887(649.573,6076.687) 


Smokers >=20 Cigarettes 

19 

2462.925 ±854.2110 
2319.667(1463.664,4884,354) 

Malondialdehyde 
(pmol/mg Creatinine) 

Non-Smokers 

65 

0.002 ± 0.0009 
0.002(0.001,0.004) 


Smokers <20 Cigarettes 

30 

0.002 ± 0.0009 
0.002(0.001,0.004) 


Smokers >=20 Cigarettes 

19 

0.002 ± 0.0006 


0.002(0.001,0.003) 
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Table 8.2.2-1 Summary Statistics for Biomarkers of Effect with Selected Units of 
Interest by Smoking Status (Week 3) 


Biomarker 

Smoking 

Category 

N 

Statistics 

Mean ± SD 
Median(min,max) 

Blood Biomarkers of Effect 

HDL-cholesteroi (mg/dL) 

Non-Smokers 

65 

54 ± 13.7 

51(31,86) 


Smokers <20 Cigarettes 

28 

45 ± 11.3 

44(28,75) 


Smokers >=20 Cigarettes 

18 

47 ± 15.1 

45(24,79) 

LDL-cholesterol (mg/dL) 

Non-Smokers 

65 

107 ±30.6 
100(36,190) 


Smokers <20 Cigarettes 

27 

119 ±30.7 
121(66,199) 


Smokers >=20 Cigarettes 

18 

108 ± 18.5 
109(64,143) 

Fibrinogen (mg/dL) 

Non-Smokers 

65 

250 ±79.5 
241(111,509) 


Smokers <20 Cigarettes 

28 

273 ±93.5 
261(148,573) 


Smokers >=20 Cigarettes 

18 

343 ± 105.2 
329(144,634) 

C-reactive protein (mg/dL) 

Non-Smokers 

65 

0.221 ±0.3607 
0.104(0.020,2.200) 


Smokers <20 Cigarettes 

28 

0.411 ±0.5445 
0.137(0.020,1.690) 


Smokers >=20 Cigarettes 

18 

0.402 ± 0.4846 
0.268(0.052,1.900) 

Malondialdehyde (pmol/L) 

Non-Smokers 

65 

0.47 ±0.084 
0.43(0.40,0.72) 


Smokers <20 Cigarettes 

28 

0.56 ±0.137 
0.56(0.40,0.79) 


Smokers >=20 Cigarettes 

18 

0.50 ± 0.095 
0.47(0.40,0.70) 
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Table 8.2.2-1 Summary Statistics for Biomarkers of Effect with Selected Units of 
Interest by Smoking Status (Week 3) 


Biomarker 

Smoking 

Category 

N 

Statistics 

Mean ± SD 
Median(min,max) 

24-Hour Urine Biomarkers of Effect 

11-Dehydro-thromboxane B 2 
(pg/mg Creatinine) 

Non-Smokers 

65 

731.801 ±278.9992 
722.048(171.948,1393.314) 


Smokers <20 Cigarettes 

28 

1146.002 ±616.2025 
1060.113(333.333,2745.941) 


Smokers >=20 Cigarettes 

17 

1032.966 ±475.9124 
918.809(445.283,2082.654) 

8-e/j/'-Prostaglandin-F?,, 

(pg/mg Creatinine) 

Non-Smokers 

65 

1101.213 ±382.9187 

1005.427(394.089,1950.000) 


Smokers <20 Cigarettes 

28 

1841.300 ±850.4019 
1723.520(783.113,3812.500) 


Smokers >=20 Cigarettes 

17 

2282.347 ± 695.0645 
2226.415(1072.185,3351.489) 

Malondialdehyde 
(pmoi/mg Creatinine) 

Non-Smokers 

65 

0.002 ± 0.0009 
0.001(0.001,0,006) 


Smokers <20 Cigarettes 

28 

0.002 ± 0.0007 
0.002(0.001,0.004) 


Smokers >=20 Cigarettes 

18 

0.002 ± 0.0006 


0.002(0.001,0.003) 
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Table 8.2.2-1 Summary Statistics for Biomarkcrs of Effect with Selected Units of 
Interest by Smoking Status (Week 6) 


Biomarker 

Smoking 

Category 

N 

Statistics 

Mean ± SD 
Median(min,max) 

Blood Biomarkers of Effect 
HDL-cholesterol (mg/dL) 

Non-Smokers 

65 

53 ± 13.0 
54(29,89) 


Smokers <20 Cigarettes 

24 

42 ± 7.7 

40(29,56) 


Smokers >=20 Cigarettes 

18 

47 ± 14.0 
47(28,82) 

LDL-cholesterol (mg/dL) 

Non-Smokers 

65 

112 ±34.4 

109(29,214) 


Smokers <20 Cigarettes 

24 

125 ±35.6 
114(73,227) 


Smokers >=20 Cigarettes 

18 

109 ±21.7 
114(78,143) 

Fibrinogen (mg/dL) 

Non-Smokers 

63 

253 ± 64.0 
245(123,394) 


Smokers <20 Cigarettes 

24 

284 ± 83.2 
266(153,483) 


Smokers >=20 Cigarettes 

18 

300 ±76.0 
302(174,449) 

C-reactive protein (mg/dL) 

Non-Smokers 

65 

0.319 ±0.6413 
0.107(0.020,3.560) 


Smokers <20 Cigarettes 

24 

0.378 ± 0.5269 
0.234(0.020,2.480) 


Smokers >=20 Cigarettes 

18 

0.484 ± 0.5712 
0.277(0.020,1.940) 

Malondialdehyde (gmol/L) 

Non-Smokers 

65 

0.51 ±0.131 
0.46(0.40,0.88) 


Smokers <20 Cigarettes 

24 

0.43 ±0.085 
0.40(0.40,0.72) 


Smokers >=20 Cigarettes 

18 

0.44 ± 0.074 
0.40(0.40,0.63) 
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8.2.3 Biomarkers of Effect - Nonparametrie Analysis 

Table 8.2.3-1 shows summary statistics, mean, standard deviation, median, minimum, 
and maximum of biomarkers of exposures and biomarkers of effect for smokers and 
non-smokers and the Wilcoxon rank-sum p-value comparing the two groups. 

Overall comparisons between smokers and non-smokers using the Wilcoxon rank-sum 
test showed a statistically significant difference between smokers and non-smokers in 
HDL-cholesterol, fibrinogen, 1 l-dehydro-thromboxane-B 2 , and 8-ep/-PGF 2a with 
p-values ranging from <0.0001 to 0.0211. All the biomarkers of effect, with the exception 
of HDL-cholesterol, had higher levels in smokers than non-smokers. The statistically 
significant difference between smokers and non-smokers was consistent from week to 
week. 

There were statistically significant differences between smokers and non-smokers in 
plasma maiondialdehyde levels, with levels in smokers greater than non-smokers at 
Weeks 1 and 3, but less than non-smokers at Week 6. As noted previously, caution 
should be used in interpreting the plasma maiondialdehyde values, particularly at Week 6 
(see Section 8.2.1). 


Table 8.2.3-1 Summary Statistics for Biomarkers of Effect with Selected Units of 
Interest (Week 1) 



Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Median(min,max) 

N 

Mean ± SD 
Median(min,tnax) 

P-value“ 

Blood Biomarkers of Effect 
HDL-cholesterol (mg/dL) 

65 

55 ± 15,0 

52(26,96) 

50 

47 ± 11.7 
48(23,81) 

0.0079 

LDL-cholesterol (mg/dL) 

63 

113 ±29.9 

110(56,200) 

48 

122 ±32.3 
122(55,231) 

0.0848 

Fibrinogen (mg/dL) 

65 

256 ±72.1 
257(117,474) 

50 

307 ± 78.7 
292(186,573) 

0.0005 

C-reactive protein (mg/dL) 

65 

0.307 ±0.7177 
0.125(0.020,5.500) 

50 

0.407 ± 0.5268 
0.190(0.020,2.790) 

0.0793 
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Table 8.2.3-1 Summary Statistics for Biomarkers of Effect with Selected Units of 
Interest (Week 1) 



Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 

Median(min,max) 

N 

Mean ± SD 

Mediant min,max) 

P-value a 

Blood Biomarkers of Effect 

Malondialdehyde (umoI/L) 

65 

0.45 ± 0.075 
0.40(0.40,0.75) 

50 

0.51 ±0.130 
0.45(0.40,0.88) 

0.0211 

24-Hour Urine Biomarkers of Effect 

11 -Dehydro-thromboxane Bj 
(pg/nig Creatinine) 

65 

665.795 ± 250.2407 
689.300(104.314,1314.159) 

50 

992.190 ±476.0245 
926.709(345.794,2284.404) 

0.0001 

8-epi- Prostaglandin-l ; 2a 

(pg/mg Creatinine) 

65 

1058.652 ± 352.2023 
1044.811(337.011,2047.308) 

50 

1962.849 ±948.2790 

1869.380(476.190,5774.566) 

<.0001 

Malondialdehyde 
(pmol/mg Creatinine) 

65 

0.002 ±0.0012 
0.001(0.001,0.009) 

50 

0.002 ±0.0013 
0.002(0.001,0.006) 

0.4052 

Source: Table 14.7-3 

8 P-value from Wilcoxon rank-sum test. 




Table 8.2.3-I Summary Statistics for Biomarkers of Effect with Selected Units of 
interest (Week 2) 


Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Mediart(min,max) 

N 

Mean ± SD 
Median(min,max) 

P-value“ 

24-Hour Urine Biomarkers of Effect 

1 i-Dehydro-thromboxane B ? 

(pg/mg Creatinine) 

65 

734.290 ± 304.3971 
729.670(261.458,1988.571) 

49 

1035.219 ±496.5581 
922.045(250.508,2312.883) 

0.0007 

8-ep/-Prostaglandi n- F 2a 
(pg/mg Creatinine) 

65 

1156.926 ±390.0618 
1090.643(421.429,2750.000) 

49 

2192.242 ± 1148.6453 

1884.892(649.573,6076.687) 

<.0001 

Malondialdehyde 
(pmol/mg Creatinine) 

65 

0.002 ± 0.0009 
0.002(0.001,0.004) 

49 

0.002 ± 0.0008 
0.002(0.001,0.004) 

0.7600 


Source: Table 14.7-3 
a P-value from Wilcoxon rank-sum test. 
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Table 8.2.3-1 Summary Statistics for Biomarkers of Effect with Selected Units of 
Interest (Week 3) 


Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Median(min,max) 

N 

Mean ± SD 
Median(min,max) 

P-value a 

Blood Biomarkers of Effect 




HDL-cholesterol (mg/dL) 

65 

46 

0.0028 


54 ± 13.7 

46 ± 12.8 



51(31,86) 

44(24,79) 


LDL-cholesterol (mg/dL) 

65 

45 

0.1324 


107 ±30.6 

115 ±26.8 



100(36,190) 

116(64,199) 


Fibrinogen (mg/dL) 

65 

46 

0.0062 


250 ±79.5 

300 ± 103.0 



241(111,509) 

300(144,634) 


C-reactive protein (mg/dL) 

65 

46 

0.0550 


0.221 ±0.3607 

0.408 ±0.5164 



0.104(0.020,2.200) 

0.236(0.020,1.900) 


Malondialdehyde (pmol/L) 

65 

46 

0.0029 


0.47 ± 0.084 

0.54 ±0.125 



0.43(0.40,0.72) 

0.50(0.40,0.79) 


24-Hour Urine Biomarkers of Effect 




1 1-Dehydro-thromboxane B 2 

65 

45 

0.0003 

(pg/mg Creatinine) 

731.801 ± 278.9992 

1103.300 ± 564.2994 



722.048(171.948,1393.314) 

976.619(333.333,2745.94]) 


8-t'p(Prostaglandin-F; ra 

65 

45 

<.0001 

(pg/mg Creatinine) 

1101.213 ±382.9187 

2007.917 ± 816.2191 



1005.427(394.089,1950.000) 

1973.257(783.113,3812.500) 


Malondialdehyde 

65 

46 

0.2258 

(pmol/mg Creatinine) 

0.002 ± 0.0009 

0.002 ± 0.0006 



0.001(0.001,0.006) 

0.002(0.001,0.004) 



Source: Tabie 14.7-3 
* P-value from Wilcoxon rank-sum test. 
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Table 8.2.3-1 Summary Statistics for Biomarkers of Effect with Selected Units of 
Interest (Week 6) 



Non-Smokers 

Smokers 



N 

N 



Mean ± SD 

Mean ± SD 


Biomarker 

Median(min,max) 

Median(min,max) 

P-value® 


Blood Biomarkers of Effect 
HDL-cholesterol (mg/dL) 

65 

53 ± 13.0 
54(29,89) 

42 

45 ± 11.0 

45(28,82) 

0.0004 

LDL-cholesterol (mg/dL) 

65 

112 ±34.4 
109(29,214) 

42 

118± 31.1 
114(73,227) 

0.3890 

Fibrinogen (mg/dL) 

63 

253 ± 64.0 
245(123,394) 

42 

290 ± 79.6 
269(153,483) 

0.0171 

C-reactive protein (mg/dL) 

65 

0.319 ±0.6413 
0.107(0.020,3.560) 

42 

0.424 ± 0.5421 
0.250(0.020,2.480) 

0.0642 

Malondialdehyde (pmol/L) 

65 

0.51 ±0.131 
0.46(0.40,0.88) 

42 

0.43 ± 0.080 
0.40(0.40.0.72) 

0.0003 


Source: Table 14.7-3 
a P-value from Wiicoxon rank-sum test. 


Results from analyzing the difference in biomarker levels between smokers and 
non-smokers collected during leisure and non-leisure visits on Week 1 throughout Week 
6 are shown below in Tables 8 . 2 .3-2 and 8 .2.3-3, respectively. 

The two tables show summary statistics, mean, standard deviation, median, minimum, 
and maximum of biomarkers of effect for smokers and non-smokers and the Wiicoxon 
rank-sum p-value comparing the two groups. 

There were consistent, statistically significant differences between smokers and non- 
smokers across both leisure and non-leisure visits at each collection timepoint only for 
8 -epi-PGF 2 a and 1 1-dehydro-thromboxane-B 2 . 

For non-leisure visit (Week 2), data was collected on one smoker and one non-smoker. 
Therefore, no p-values were derived for biomarkers of effect at Week 2. 
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Table 8.2.3-2 Summary Statistics for Biomarkers of Effect with Selected Units of 
Interest for Leisure Visits (Week 1) 


Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
IMedian(min,max) 

N 

Mean ± SD 
Mcdian(min,max) 

P-value“ 

Blood Biomarkers of Effect 

HDL-cholesterol (mg/dL) 

14 

55 ± 16.7 

50(33,92) 

16 

43 ± 10.9 

43(23,59) 

0.0642 

LDL-cholesterol (mg/dL) 

14 

123 ± 35.9 
126(56,200) 

14 

113 ±25.9 
118(55,157) 

0.3825 

Fibrinogen (mg/dL) 

14 

292 ±91.3 
274(153,474) 

16 

286 ±48.6 
295(186,362) 

0.5887 

C-reactive protein (mg/dL) 

14 

0.638 ± 1.4513 
0.136(0.038,5.500) 

16 

0.294 ± 0.3839 
0.184(0.020,1.530) 

0.7552 

Malondialdehyde (pmol/L) 

14 

0.47 ± 0.099 
0.46(0.40,0.75) 

16 

0.52 ±0.141 
0.48(0.40,0.88) 

0.4782 

24-Hour Urine Biomarkers of Effect 

11 -Dehydro-thromboxane B 2 
(pg/mg Creatinine) 

14 

695.970 ± 270.9076 
633.979(250.752,1250.712) 

16 

1108.485 ±525.5302 

1008.694(421.005,2284.404) 

0.0235 

8 -ep/-Prostaglandin-F 2 n 
(pg/mg Creatinine) 

14 

1003.091 ± 328.7851 
986.024(337.011,1828.751) 

16 

1567.751 ±707.7617 
1190.130(628.533,2855.148) 

0.0119 

Malondialdehyde 
(pmol/mg Creatinine) 

14 

0.002 ± 0.0007 
0.002(0.001.0.003) 

16 

0.002 ±0.0013 
0.001(0.001,0.006) 

0.9268 


Source: Table 14.7-7 
3 P-value from Wilcoxon rank-sum test. 
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Table 8.2.3-2 Summary Statistics for Biomarkers of Effect with Selected Units of 
Interest for Leisure Visits (Week 2) 


Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 

Median( min, max) 

N 

Mean ± SD 
Median(min,ma,\) 

P-value” 

24-Hour Urine Biomarkers of Effect 

11-Dehydro-thromboxane B 2 
(pg/mg Creatinine) 

63 

742.440 ±305.0719 
740.273(261.458,1988.571) 

48 

1046.502 ± 495.4242 
922.263(250.508,2312.883) 

0.0007 

8 -<?p(-Prostaglandin-F 2o 
(pg/mg Creatinine) 

63 

1 156.642 ±393.9423 

1090.643(421.429,2750.000) 

48 

2206.721 ± 1156.2732 
1957.831(649.573,6076,687) 

<.0001 

Malondialdehyde 
(pmol/mg Creatinine) 

63 

0.002 ± 0.0009 
0.002(0.001,0.004) 

48 

0.002 ± 0.0008 
0,002(0.001,0.004) 

0.6802 


Source: Table 14.7-7 
a P-value from Wilcoxon rank-sum test. 
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Table 8.1.3-2 Summary Statistics for Biomarkers of Effect with Selected Units of 
Interest for Leisure Visits (Week 3) 


Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Median(min,max) 

N 

Mean ± SD 
Median(min,max) 

P-value a 

Blood Biomarkers of Effect 

HDL-cholesterol (mg/dL) 

16 

50 ± 14.1 

48(31,81) 

12 

46 ± 11.0 

44(32,66) 

0.3176 

LDL-cholesterol (mg/dL) 

16 

112 ±33.7 
104(60,190) 

12 

102 ±28.2 
107(64,144) 

0.5461 

Fibrinogen (mg/dL) 

16 

241 ± 85.0 
232(111,420) 

12 

274 ± 79.5 
269(144,407) 

0.2962 

C-reactive protein (mg/dL) 

16 

0.151 ±0.2136 
0.104(0.020,0.889) 

12 

0.462 ±0.5809 
0.246(0.020,1.690) 

0.1254 

Malondialdehydc (pmol/L) 

16 

0.45 ± 0.069 
0.41(0.40,0.62) 

12 

0.54 ±0.122 
0.50(0.40,0.79) 

0.0288 

24-Hour Urine Biomarkers of Effect 

11-Dehydro-thromboxane B? 

(pg/ing Creatinine) 

16 

657.928 ± 289.9740 
613.919(203.209,1182.085) 

12 

1128.693 ±546.0662 
960.452(379.542,2363.878) 

0.0114 

8-e/w-Prostaglandin- F 21 * 

(pg/mg Creatinine) 

16 

910.559 ±424.2052 
839.245(394.089,1808.219) 

12 

2030.791 ± 778.1289 
1939.561(836.199,3592.297) 

0.0004 

Malondialdehydc 
(pmoi/mg Creatinine) 

16 

0.002 ±0.0013 
0.002(0.001,0.006) 

12 

0.002 ± 0.0005 
0.002(0.001,0.002) 

0.2938 


Source: Table 14,7-7 
* P-value from Wilcoxon rank-sum test. 
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Table 8.2.3-2 Summary Statistics for Biomarkers of Effect with Selected Units of 
Interest for Leisure Visits (Week 6) 



Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Median!min. max) 

N 

Mean ± SD 
Median(min,max) 

P-value a 

Blood Biomarkers of Effect 

HDL-cholesterol (mg/dL) 

38 

52 ± 12.5 

52(29,89) 

20 

46 ± 12.7 
46(28,82) 

0.0692 

LDL-cholesterol (mg/dL) 

38 

107 ±28.2 
110(52,165) 

20 

123 ± 32.8 
125(78,227) 

0.1088 

Fibrinogen (mg/dL) 

36 

255 ±65.9 
250(123,394) 

20 

306 ± 97.9 
302(153,483) 

0.0565 

C-reactive protein (mg/dL) 

38 

0.327 ±0.6235 
0.103(0.020,2.980) 

20 

0.499 ±0.6180 
0.334(0.020,2.480) 

0.0731 

Malondialdehyde (pmol/L) 

38 

0.54 ±0.143 
0.52(0.40,0,88) 

20 

0.43 ±0.071 
0.40(0.40,0.63) 

0.0012 


Source: Table 14.7-7 
a P-value from Wilcoxon rank-sum test. 
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Table 8.2.3-3 Summary Statistics for Biomarkers of Effect with Selected Units of 
Interest for Non-Leisure Visits (Week 1) 


Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Median(min,max) 

N 

Mean ± SD 
Median(min,max) 

P-value” 

Blood Biomarkers of Effect 




HDL-cholesterol (mg/dL) 

51 

34 

0.0763 


54 ± 14.6 

49 ± 11.8 



53(26,96) 

50(30,81) 


LDL-cholestcrol (mg/dL) 

49 

34 

0.0177 


110 ±27.7 

126 ±34.3 



109(56,185) 

124(61,231) 


Fibrinogen (mg/dL) 

51 

34 

0.0003 


247 ± 63.6 

316 ± 88.5 



243(117,394) 

282(200,573) 


C-reactive protein (mg/dL) 

51 

34 

0.0526 


0.217 ±0.2694 

0.460 ± 0.5797 



0.110(0.020,1.330) 

0.208(0.020,2.790) 


Malondialdehyde (pmol/L) 

51 

34 

0.0362 


0.44 ± 0.067 

0.50 ±0.127 



0.40(0.40,0.65) 

0.45(0.40,0.86) 


24-Hour Urine Biomarkers of Effect 




1 1-Dehydro-thromboxane Bj 

51 

34 

0.0039 

(pg/mg Creatinine) 

657.511 ±246.4702 

937.463 ± 448.6483 



698.401(104.314,1314.159) 

892.878(345.794,1942.893) 


8-epi- Prostagl andin-F 2a 

51 

34 

<.0001 

(pg/mg Creatinine) 

1073.904 ± 359.9610 

2148.777 ±998.1122 



1054.422(452.504,2047.308 

) 

2058.478(476.190,5774.566) 


Malondialdehyde 

51 

34 

0.2694 

(pmoi/mg Creatinine) 

0.002 ± 0.0013 

0.002 ± 0.0013 



0.001(0.001,0.009) 

0.002(0.001,0.006) 



Source: Table 14.7-10 
* P-value from Wilcoxon rank-sum test. 
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Table 8.2.3-3 Summary Statistics for Biomarkers of Effect with Selected Units of 
Interest for Non-Leisure Visits (Week 2) 


Non-Smokers 

Smokers 

Biomarker 

N 

Mean ± SD 
\1edian(inin,max) 

N 

Mean ± SD 

Median(min,max) P-vaiue* 

24-Hour Urine Biomarkers of Effect 

11-Dehydro-thromboxane B 2 
(pg/mg Creatinine) 

1 

586.626 ±NA 
586.626(586.626,586.626) 

1 NA 

493.625 ±NA 
493.625(493.625,493.625) 

8 -ep/-Prostaglandin-F, :a 
(pg/mg Creatinine) 

1 

925.532 ±NA 
925.532(925.532,925.532) 

1 NA 

1497.268 ±NA 
1497.268(1497.268,1497.268) 

Malondialdehyde 
(pmol/mg Creatinine) 

1 

0.002 ± NA 
0 .002(0.002,0.002) 

] NA 

0.002 ± NA 

0 .002(0.002,0.002) 


Source: Table 14.7-10 
a P-value from Wilcoxon rank-sum test. 
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Table 8.2.3-3 Summary Statistics for Biomarkers of Effect with Selected Units of 
Interest for Non-Leisure Visits (Week 3) 



Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Median(min,max) 

N 

Mean ± SD 
Median(min,inax) 

P-value' 

Blood Biomarkers of Effect 




HDL-cboIesterol (mg/dL) 

49 

34 

0.0040 


55 ± 13.5 

46 ± 13.5 



54(32,86) 

44(24,79) 


LDL-cholesterol (mg/dL) 

49 

33 

0.0314 


105 ± 29.7 

120 ± 24.9 



100(36,170) 

119(66,199) 


Fibrinogen (mg/dL) 

49 

34 

0.0100 


253 ± 78.2 

310 ± 109.6 



255(1 11,509) 

300(148,634) 


C-reactive protein (mg/dL) 

49 

34 

0.1996 


0.244 ± 0.3963 

0.389 ± 0.4996 



0.104(0.020,2.200) 

0.215(0.020,1.900) 


Malondialdehyde (pmol/L) 

49 

34 

0.0303 


0.47 ± 0.088 

0.54 ±0.128 



0.43(0.40,0.72) 

0.51(0.40,0.79) 


24-Hour Urine Biomarkers of Effect 




11 -Dehydro-thromboxane B 2 

49 

33 

0.0101 

(pg/mg Creatinine) 

755.923 ±274.0397 

1094.066 ± 578.8044 



749.823(171.948,1393.314) 

976.619(333.333,2745.941) 


8 -e/7/- Pi ostagl a ndi n-F 2a 

49 

33 

<.0001 

(pg/mg Creatinine) 

1163.467 ±350.9918 

1999.600 ±841.2140 



1131.016(514.825,1950.000) 

1973.257(783.113,3812.500) 


Malondialdehyde 

49 

34 

0.0412 

(gmol/mg Creatinine) 

0.001 ± 0.0007 

0.002 ± 0.0007 



0.001(0.001,0.004) 

0.002(0.001,0.004) 



Source: Table 14.7-10 
2 P-value from Wilcoxon rank-sum test. 
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Table 8.2.3-3 Summary Statistics for Biomarkers with Selected Units of Interest 
for Non-Leisure Visits (Week 6) 


Non-Smokers 

Smokers 


Biomarker 

N 

Mean ± SD 
Median(min,max) 

N 

Mean ± SD 
Median(min,max) 

P- 

value’ 

Blood Biomarkers of Effect 

HDL-cholesterol (mg/dL) 

27 

56 ± 13.5 
56(38,81) 

22 

44 ± 9.4 
43(29,65) 

0.0013 

LDL-cholesterol (mg/dL) 

27 

119 ± 4L0 
104(29,214) 

22 

113 ±29-3 
107(73,187) 

0.5870 

Fibrinogen (mg/dL) 

27 

249 ± 62.5 
237(124,394) 

22 

277 ± 57.4 
260(188,394) 

0.1055 

C-reactive protein (mg/dL) 

27 

0.307 ± 0.6774 
0.129(0.020,3.560) 

22 

0.356 ± 0.4668 
0.204(0.020,1.940) 

0.4271 

Malondialdchyde (jumol/L) 

27 

0.46 ± 0.095 
0.40(0.40,0.71) 

22 

0.44 ± 0.089 
0.40(0.40,0,72) 

0.1207 


Source: Table 14.7-10 
* P-value from Wilcoxon rank-sum test. 
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8.2.4 Biomarkers of Effect - Intra-Subject and Inter-Subject Variability and Time 
Effect 

Intra-subject variability and inter-subject variability were derived for HDL-cholesterol, 
LDL-cholesterol, fibrinogen, C-reactive protein, malondialdehyde in blood, 11-dehydro- 
thromboxane-B 2 , 8 -e/?/-PGF 2 a, and malondialdehyde in urine. For each of these 
biomarkers, the best covariance structure among compound symmetry, compound 
symmetry by smoking status, heterogeneous compound symmetry, and heterogeneous 
compound symmetry by smoking status was chosen based on Akaike’s criterion. Most 
biomarkers’ covariance structures were all by smoking status, an indication of a different 
variability between smokers and non-smokers. In case of a convergence problem, a 
simpler covariance structure or a conversion of bioniarker units was considered and used 
as appropriate. Only malondialdehyde in blood showed evidence of significant 2-way or 
3-way interactions between gender, smoking status, and week. Additive models 
containing only the main effects (Group, Gender, and Week) seemed adequate for all the 
other biomarkers. As seen in post-text Tables 14.1.1-5, 14.1.1-6, and 14.1.1-7, selected 
biomarkers of effect (malondialdehyde in blood, HDL-cholesterol, fibrinogen, 11- 
dehydrO"thromboxane-B 2 , and S-cyu'-PGFja) showed a significant difference between 
smokers’ and non-smokers’ biomarker levels. All the findings seemed consistent with the 
nonparametric results. 

To extract the intra-subject variability and inter-subject variability, compound symmetry 
by smoking status was assumed for all the biomarkers. The use of compound symmetry 
by smoking status to extract the intra-subject and inter-subject variability was necessaiy 
since no simple method exists to extract these values using other covariance structures. 
The off diagonal term ai 2 from the compound symmetry was used as an estimate for the 
intra-subject variability while the diagonal term o 2 + oj 2 was used as an estimate for the 
inter-subject variability. Table 8.2.4-1 below shows the intra- and the inter-subject 
variability as well as the intra- and the inter-subject %CV. 

The intra-subject %CV and the inter-subject %CV for the biomarkers of effect 
HDL-cholesterol, LDL-cholesterol, fibrinogen, and malondialdehyde in blood were all 
less than 30% while the intra-subject %CV and the inter-subject %CV ranged from 
moderately high for 1 1 -dehydro-thromboxane-B 2 , 8 -ep/-PGF 2a , and malondialdehyde in 
urine, to extremely high for the C-reactive protein. 
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Table 8.2.4-1 lntra and Inter Subject Variabilities for Biomarkers of Effect 


Biomarker 

Group 

Subject 

Variability 

Lsmean 

Variance 

Standard 

Deviation 

% cv 

Blood Biomarkers of Effect 

HDL-cholesterol (mg/dL) 

NonSmokers 

lntra 

53 

124.2 

11.1 

20.8 


NonSmokers 

Inter 

53 

146.2 

12.1 

22.6 


Smokers 

lntra 

46 

112.4 

10.6 

23.2 


Smokers 

Inter 

46 

132.1 

11.5 

25.2 

LDL-choIesterol (mg/dL) 

NonSmokers 

lntra 

no 

723.4 

26.9 

24.4 


NonSmokers 

Inter 

no 

979.3 

31.3 

28.3 


Smokers 

lntra 

119 

662.0 

25.7 

21.6 


Smokers 

Inter 

119 

888.6 

29.8 

25.0 

Fibrinogen (mg/dL) 

NonSmokers 

lntra 

251 

1555.5 

39.4 

15.7 


NonSmokers 

Inter 

251 

4332.3 

65.8 

26.2 


Smokers 

lntra 

292 

2756.2 

52.5 

18.0 


Smokers 

Inter 

292 

6791.5 

82.4 

28.3 

C-reactive protein (mg/dL) 

NonSmokers 

lntra 

0.274 

0.0985 

0.3138 

114.7 


NonSmokers 

Inter 

0.274 

0.3320 

0.5762 

210.6 


Smokers 

lntra 

0.393 

0.1727 

0.4156 

105.8 


Smokers 

Inter 

0.393 

0.2581 

0.5080 

129.3 

Malondialdehyde (pmol/L) 

NonSmokers 

lntra 

0.48 

0.001 

0.031 

6.6 


NonSmokers 

Inter 

0.48 

0.007 

0.086 

18.1 


Smokers 

lntra 

0.51 

0.001 

0.029 

5.8 


Smokers 

Inter 

0.51 

0.007 

0.086 

16.9 

24 Hour Urine Biomarkers of Effect 

11-Dehydro-thromboxane-B 2 

NonSmokers 

lntra 

0.705 

0.0435 

0.2087 

29.6 

(ng/mg Creatinine) 

NonSmokers 

Inter 

0.705 

0.0709 

0.2663 

37.8 


Smokers 

lntra 

1.023 

0.1527 

0.3908 

38.2 


Smokers 

Inter 

1.023 

0.2505 

0.5005 

48.9 

S-e/w'-Prostaglandin-Fjc 

NonSmokers 

lntra 

1.101 

0.0819 

0.2863 

26.0 

(ng/mg Creatinine) 

NonSmokers 

Inter 

1.101 

0.1339 

0.3659 

33.2 


Smokers 

lntra 

2.009 

0.5161 

0.7184 

35.8 


Smokers 

Inter 

2.009 

0.9041 

0.9508 

47.3 

Malondialdehyde in urine 

NonSmokers 

lntra 

1.683 

0.2849 

0.5338 

31.7 

(nmol/mg Creatinine) 

NonSmokers 

Inter 

1.683 

0.9155 

0.9568 

56.9 


Smokers 

lntra 

1.717 

0.3086 

0.5556 

32.4 


Smokers 

Inter 

1.717 

0.8322 

0.9123 

53.1 


Note: Negative estimates were reset to 0. Negative estimate in Mixed procedure is an indication 

of small variance estimate. 

Model includes group, gender, week, and all 2-way and 3-way interactions. Compound 
symmetry covariance structure by group was used to extract inter-subject variability and 
intra-subject variability. 
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8.2.5 Biomarkers of Effect — Time Effect 

An overall test of time effect between the full model and the reduced model containing 
Group, Gender, and Group by Gender Interaction using a likelihood ratio test indicated 
that the biomarkers of effect showed no time effect except for 8-e/u'-prostaglandin-F 2a 
and 11-dehydro-thromboxane-B 2 (see post-text Table 14.1.2-1). This indicated that a 
single sample collection on each subject for the TES would be sufficient. 

8.2.6 Exposure-Response Modeling for Biomarkers of Effect 

Table 8.2.6-1 shows the results of the exposure response modeling for LDL-cholesterol, 
fibrinogen, C-reactive protein, 1 l-dehydro-thromboxane-B 2 , and 8-£/h-PGF 2a to examine 
their relation to age, body mass index, gender, and the sum of nicotine and nicotine 
metabolites. The analysis of the relationship between the sum of nicotine and nicotine 
metabolites and biomarkers of effect was performed after controlling for gender, body 
mass index, and age. The results show that the sum of nicotine and nicotine metabolites 
explained some variability in 11-dehydro-thrornboxane-B 2 and 8-e/?/-PGF 2a . After 
controlling for other variables, gender explained some of the variability in fibrinogen, and 
body mass index was a significant predictor variable for C-reactive protein and 
1 l-dehydro-thromboxane-B 2 . 

Please note that no scientific association was investigated between the predictor variables 
and biomarkers of effect in the exposure response modeling. 


Final Draft: 22 October 2003 


Page 178 of 15260 


PM3006437503 


Source: https://www.industrydocuments.ucsf.edu/docs/ljkj0001 




RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


Table 8.2.6-1 Parameter Estimates for Biomarkers of Effect (Exposure-Response 

Modeling Results From NLIN Procedure) 


Biomarker 

Parameter 

Estimate 

Quasi- 
Likelihood 
Ratio Test 
P-value 

LDL-cholesterol (mg/dL) 

Intercept 

-0.40983 

0.2991 


Age 

0.01163 

0.0519 


Body Mass Index 

0.00946 

0.3095 


Gender 

0.07546 

0.5547 


Sum of Nicotine and Nicotine metabolites 

0.00230 

0.1451 

Fibrinogen (mg/dl.) 

Intercept 

-0.11285 

0.7409 


Age 

0.00705 

0.1707 


Body Mass Index 

0.01537 

0.0814 


Gender 

-0.30156 

0.0043 


Sum of Nicotine and Nicotine metabolites 

0.00004 

0.9783 

C-reactive protein (mg/dL) 

Intercept 

-1.91215 

0.0003 


Age 

-0.00304 

0.6979 


Body Mass Index 

0.04234 

0.0015 


Gender 

-0.30327 

0.0883 


Sum of Nicotine and Nicotine metabolites 

0.00288 

0.1738 

1 l-Dehydro-thromboxane-Bi 

Intercept 

-1.19886 

0.0158 

(pg/tng Creatinine) 

Age 

0.01026 

0.1896 


Body Mass Index 

0.02720 

0.0262 


Gender 

-0.12948 

0.4009 


Sum of Nicotine and Nicotine metabolites 

0.00406 

0.0398 

8 -epi-Prostaglandin-F 2 a 

Intercept 

-0.55824 

0.0893 

(pg/mg Creatinine) 

Age 

-0.00956 

0.0514 


Body Mass Index 

0.01351 

0.0845 


Gender 

-0.13548 

0.2018 


Sum of Nicotine and Nicotine metabolites 

0,00698 

< 0.0001 


Source: 14.1.3-6. 
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8.2.7 Discussion for Biomarkers of Effect 

Again, caution should be exercised in the interpretation of the results since the sample 
size selected for this study was not based on power calculations. For all hypothesis tests, 
statistical significance was declared at 0.05 level with no adjustments for multiple 
comparisons. The imbalance in sample sizes that existed in some comparisons such as 
comparison between smokers and non-smokers during leisure and non-leisure visits 
should be taken into account while interpreting the results. In some cases, the p-value 
derived based on Wilcoxon rank-sum test was statistically significant even when the 
median values were equal. The Wilcoxon rank-sum test assumed that the underlying 
population distributions are the same for the two samples with the exception of a shift in 
location. Any deviation from this assumption can potentially result in a significant 
p-value even though the medians are the same. 

Parametric as well as nonparametric analyses showed a significant difference between 
smokers and non-smokers by week and overall for malondialdehyde in blood, 
HDL-cholesterol, fibrinogen, 11-dehydro-thromboxane-B 2 , and 8 -qp/-PGF 2 a . However, 
caution should be used in interpreting the plasma malondialdehyde values, particularly at 
Week 6 (see Section 8.1.3). HDL-cholesterol was the only biomarker with significantly 
lower values in smokers than in non-smokers. 

The biomarkers of effect, particularly LDL-cholesterol, C-reactive protein, and urine 
malondialdehyde, did not seem to be as good at discriminating between smokers and non- 
smokers as the biomarkers of exposure. 

The intra-subject %CV and the inter-subject %CV for HDL-cholesterol, 
LDL-cholesterol, fibrinogen, and malondialdehyde in blood were all less than 30%, while 
the intra-subject %CV and the inter-subject %CV ranged from moderately high for 
11 -dehydro-thromboxane-B 2 , 8 -epi-PGF 2 a , and malondialdehyde in urine to extremely 
high for the C-reactive protein. 

There were consistent, statistically significant differences between smokers and 
non-smokers across both leisure and non-leisure visits only for 8 -£p/-PGF?a and 
1 l-dehydro-thromboxane-B 2 . A time effect was demonstrated for 8 -qpi-PGF 2 a and 
1 l-dehydro-thromboxane-B 2 . 
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8.2.8 Conclusions for Biomarkers of Effect 

The following biomarkers of effect are recommended for use in the TES based upon 
method feasibility and ruggedness, ease of specimen collection, and ability to 
differentiate between smokers and non-smokers: 

• HDL-cholesterol 

• LDL-cholesterol 

• U-Dehydro-thromboxane-B 2 

• 8 -e/j/-Prostaglandin-F 2 a 

• Fibrinogen 

• C-reactive protein 

The other biomarkers of effect were not chosen based upon variability within the method 
(plasma malondialdehyde) or failure to consistently differentiate between smokers and 
non-smokers (plasma and urine malondialdehyde). 

9. RESULTS - QUESTIONNAIRE/SURVEY EVALUATIONS 

The Questionnaire and/or Weekly Survey data were used in the analysis of biomarkers 
and potential relationships. Additionally, a portion of the Questionnaire was modeled 
after the Fagerstrom Test to determine the degree of nicotine dependency of the smoking 
subjects. 

The Questionnaire and Weekly Surveys posed a challenge in that several questions were 
structured to gather similar data, but were asked differently. Also, the review and analysis 
of the Questionnaires/Weekly Surveys were not completed until after the end of the 
subject’s participation in the study. Since the subjects were unavailable after this point, 
the Questionnaire/Weekly Surveys may have had conflicting answers from question to 
question or from week to week that led to the disqualification of the subject from the 
analysis. Some subjects who, at earlier visit(s) met eligibility criteria, changed their 
smoking habits/behaviors between visits or initially answered the questions so that they 
were included in the study and then, upon further questioning either within the same visit 
or at subsequent visits, answered the eligibility questions differently, thereby excluding 
them from the analysis. 

The recommendation for the TES is to have a review of the results of the Questionnaire 
immediately, before the subject leaves the clinical site. This will allow the capture of 
discrepancies within the Questionnaire and the resolution of them. 
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In addition, the biomarker analyses indicate a single visit per subject will be sufficient for 
the TES's objectives which would avoid multiple Questionnaires/Weekly Surveys. 

10. RESULTS - PHENOTYPING 

10.1 CYP1A2 Metabolic Ratios 

The phenotype of the subjects for the CYP1A2 metabolic enzyme was determined 
through the metabolic ratio of caffeine metabolites approximately 4 to 5 hours after a 
200 mg dose of caffeine. It is widely known that CYP1A2 is inducible by smoking. 

A summary of the number of subjects by gender and smoking status is presented in Table 
10.1-1. A complete listing of phenotyping results (for all subjects) is included in Listing 
16.5-21. 

Table 10.1-1 CYP1A2 Phenotypes of All Subjects 



Smokers (N) 

Non-Smokers (N) 

Phenotype 

Males 

Females 

Overall 

Males 

Females 

Overall 

CYP1A2 







Low Activity 

7 

13 

20 

19 

28 

47 

High Activity 

25 

26 

51 

13 

8 

21 

Unknown 

1 

L 0 

1 

0 

0 

0 

Source: Listing 16.5-21 

Table 10.1-2 

CYP1A2 Phenotypes of Evaluable Subjects 


Smokers (N) 

Non-Smokers (N) 

Phenotype 

Males 

Females 

Overall 

Males 

Females 

Overall 

CYP1A2 







Low Activity 

5 

9 

14 

18 

27 

45 

High Activity 

8 

20 

28 

12 

7 

19 

Unknown 

1 

0 

1 

0 

0 

0 


Source: Evaluable subjects as listed in Table 14.8-2. 
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As noted in Table 10.1 -1.1, approximately 57% of male smokers and approximately 68% 
of female smokers had a “high activity” phenotype for CYP1A2. Of non-smokers, 38% 
of males and 22% of females had a “high activity” phenotype for CYP1A2. 

10.2 NAT2 Metabolic Ratios 

The phenotype of the subjects for NAT2 was determined using the metabolic ratios of 
caffeine and caffeine metabolites in urine. 

A summary of the number of subjects within each gender and smoking status breakdown 
is presented in Table 12.2.5-1. A complete listing of phenotyping results (for all subjects) 
is included in Listing 16.5-21. 


Table 10.2-1 NAT2 Phenotype of All Subjects 



Smokers (N) 

1 Non-Smokers (N) 

Phenotype 

Males 

Females 

Overall 

Males 

Females 

Overall 

NAT2 







Slow 

25 

24 

49 

21 

23 

44 

Rapid 

8 

15 

23 

9 

12 

21 

Unknown 

0 

0 

0 

2 

1 

3 

Source: Listingl6.5-21 


Table 10.2-2 NAT2 Phenotype of Evaluable Subjects 



Smokers (N) 

Non-Smokers (N) 

Phenotype 

Males 

Females 

Overall 

Males 

Females 

Overall 

NAT2 







Slow 

11 

17 

28 

21 

22 

43 

Rapid 

3 

12 

15 

7 

12 

19 

Unknown 

0 

0 

0 

2 

1 

3 


Source: Evaluable subjects as listed in Table 14.8-2. 


The results show that approximately 60% to 78% of all subjects were in the “slow” 
acetylator category. There is no distinction between smokers and non-smokers for the 
NAT2 phenotype results. 
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11. RESULTS - SAFETY EVALUATIONS 

11.1 Intercurrent Illnesses/Concomitant Medications 

Intercurrent illnesses and concomitant medications were tracked to determine if changes 
in biomarkers could be attributed to some underlying disease or medications being 
consumed by the subjects. 

11.1.1 Summary of Intercurrent Illnesses 

The most commonly reported types of intercurrent illnesses are presented in 
Table 11.1.1-1. A complete listing of intercurrent illnesses by subject is presented in 
Listing 16.5-35. 


Table 11.1.1-1 Summary of Most Frequently Reported Intercurrent Illnesses 


Intercurrent Illness 

No. of Subjects Reporting 

URI 

13 

Nasal Congestion 

5 

Headache 

5 

(one subject had 2 separate reports) 

Chest Congestion 

3 

Sore Throat 

3 

Allergies 

2 

Migraine 

2 

Source: All subjects as presented in Listing 16.5-35 


Other intercurrent illnesses were grouped into categories as follows. 

• General Dental: “abscessed tooth,” “toothache/extraction,” 
“chipped tooth,” and “root canal” were reported by 1 subject each. 

• General Body: “back pain,” “body aches,” “muscle aches,” 
“shoulder/arm soreness,” “bruising” (right and left antecubital and 
right elbow), “forearm swelling - left,” and “stiff neck” were 
reported by 1 subject each. 

• General Digestive: “diarrhea,” “emesis,” “nausea,” 

“gastroenteritis,” “indigestion,” and “stomach queasiness” were 
reported by 1 subject each. 
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• Accidental Injury: “motor vehicle accident,” “broken finger,” 
“laceration” (both scalp and finger), “OS injury,” and “wrist strain 
left” were reported by 1 subject each. 

• Cold Slgns/Symptoms: “cold sore to left nares,” “conjunctivitis,” 
“rhinorrhea,” “sinus infection,” “sinus pressure,” “viral 
bronchitis,” and “viral illness” were reported by 1 subject each. 

• General Skin: “rash” and “sunburn” were reported by 1 subject 
each. 

• General Nervous System: “light headed” was reported by 1 
subject. 

None of these intercurrent illnesses were considered clinically important, and none of 
them were believed to have contributed to any changes seen in the biomarkers. 

11.1.2 Summary of Concomitant Medications 

Concomitant medications were not restricted during the study. 

A total of 112 subjects used a concomitant medication during the study. The most 
frequently reported indications for the medications being used were health/supplement, 
headache, sinus congestion/nasal congestion/allergies, and birth control. Several subjects 
were taking prescription medications and over-the-counter preparations that continued 
throughout the study period. A list of the medications used, the dose, route, frequency, 
and start/stop dates (as appropriate) is presented in Listing 16.5-38. 

11.2 Laboratory Evaluations 
11.2.1 Clinical Chemistry 

Clinical chemistry results are presented by subject in Listings 16.5-22 through 16.5-25, 
Summary descriptive statistics for the analytes are presented in Tables 14.8-3 through 
14.8-6. 


Overall, the chemistry analytes showed mostly minor differences between smokers and 
non-smokers. Those analytes with statistically significant p-values, either by gender or 
overall, are presented in Table 9.2.1 -1. 
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Table 11.2.1-1 Statistical Comparison of Screening Chemistry Analytes 


Analyte 

Males 

Females 

Overall 

Median 

P-value® 

Median 

P-value a 

Median 

P-value" 

Non- 

Smokers 

Smokers 

Non- 

Smokers 

Smokers 

Non- 

Smokers 

Smokers 

Cholesterol 

(mg/dL) 

173 

204 

0.0487 

192 

195 

0.6765 

186 

199 

0.0674 

Total Protein 
(g/dL) 

7.8 

7.5 

0.1923 

7.4 

7.2 

0.0500 

7.5 

7.4 

0.0158 

Triglycerides 

(mg/dL) 

92 

114 

0.1200 

100 

107 

0.1408 

96 

107 

0.0328 

Aik Phos 
(U/L) 

65 

65 

0.7 HO 

59 

64 

0,0275 

60 

65 

0.0646 

AST 

(U/L) 

24 

22 

0.0953 

21 

18 

0.0018 

23 

19 

0.0004 

ALT 

(U/L) 

23 

22 

0.8584 

17 

14 

0.0200 

19 

17 

0.0579 

Total Bilirubin 
(mg/dL) 

0.6 

0.5 

0.4053 

0.5 

0,4 

0.1263 

0.5 

0.5 

0.0463 

BUN 

(mg/dL) 

15 

13 

0.0502 

13 

12 

0.0714 

14 

12 

0.0069 

Creatinine 

(mg/dL) 

1.0 

0.9 

0.0528 

0.8 

0.7 

0.0108 

0.8 

0.8 

0.0034 

Iron 

(gg/dL) 

90 

93 

0.1876 

89 

79 

0.0404 

89 

85 

0.3090 


Source: Table 14.9-1 


rP-value from Wilcoxon rank-sum test. 


P-values from Wilcoxon rank-sum test for Screening laboratory values are presented in 
Table 11.2.1-1. Compared to non-smokers, smokers overall had significantly greater 
levels of serum triglycerides and significantly lower levels of serum total protein, AST, 
and BUN, Smokers and non-smokers had the same median serum creatinine and total 
bilirubin values, but the p-values were significant, suggesting differences in the 
population distributions of the groups. 

11.2.2 Hematology 

The results for hematology parameters at Screening are presented by subject in Listings 
16.5-26 and 16.5-27. Summary descriptive statistics for the parameters are presented in 
Tables 14,8-7 and 14.8-8. 
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Overall, the hematology parameters showed mostly minor differences between smokers 
and non-smokers. Those parameters with statistically significant p-values, either by 
gender or overall, are presented in Table 9.2.2-1. 


Table 11.2,2-1 Statistical Comparison of Screening Hematology Parameters 


Parameter 

Males 

Females 

Overall 





Median 

P-value a 






Smokers 

Hematocrit 

(%) 

44 


0.0052 

40 

41 

0.5604 

41 

42 


Hemoglobin 

(g/dL) 

15.0 


0.0066 

13.7 

13.8 

0.4779 

14.3 

14.2 



5.68 


0.0317 

6.76 

8.33 

0.0018 

6.35 

7.72 

<.0001 

BASO Abs 
(xIoVpL) 

0.05 

0.07 

0.0063 

0.04 

0.05 

0.0309 

0.04 

0.06 

0.0010 

EOS Abs 
(xl0 } /gL) 

0.10 

0.12 

0.1866 

0.09 



0.10 

0.12 

■ 

IHKBlll 

1.85 

2.01 

0.1065 

2.07 

m 

0.0818 

1.91 

2.30 


LYMPH % 

<%) 

32.1 

28.9 

0.5657 

32.5 


0.0280 

32.5 

29.2 


MONO Abs 
(xIOVL) 

0.37 

0.41 

0.0356 

0.30 

0.35 

0.0784 

0.34 

0.38 

0.0160 


3.4! 

4.28 

0.0626 

3.93 

5.25 

0.0003 

3.62 

5.03 

<.0001 

Wmmm 

58.3 

61.3 

0.6275 

60.3 

63.9 

0.0199 

60.0 

62.9 

HH 


Source: Table 14.9-1 


| a P-value from Wilcoxon rank-sum test. 


At Screening, the median total and absolute differential white blood cell counts were 
significantly greater in smokers than in non-smokers overall. Overall, smokers and non- 
smokers had similar median levels of hemoglobin and hematocrit; by gender, male 
smokers had significantly greater median hemoglobin and hematocrit levels than male 
non-smokers. 

11.2.3 Urinalysis 

The results for urinalysis parameters are presented by subject in Listings 16.5-28 through 
16.5-30. 
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The urinalysis parameters were similar between the smokers and non-smokers and 
between the males and females. Females, both smokers and non-smokers, had more 
results of occult blood in the urine, possibly due to urine samples being taken during 
menses. 

11.3 Other Safety Evaluations 

11.3.1 Evaluation of Screening 12-Lead ECGs 

Overall, there were 31 Screening ECGs that were considered abnormal, but deemed not 
clinically significant. Overall and by gender, smokers had almost twice as many 
abnormal ECGs as non-smokers. 

A listing of the 12-lead ECGs by subject is presented in Listing 16.5-17. Because the 
ECGs were only used for exclusionary purposes only, no further analysis was performed 
with the data. 

11.3.2 Evaluation of Screening Lung Function Tests 

All of the subjects 
subjects had value 
performed for the lung function tests. 

The results are summarized in Table 11.3.2-1. The list of by subject values is included in 
Listing 16.5-18. 


included in 
; of > 75% 



y met the criteria for lung function tests (i.e., all J 
FVC and FEVi). No formal statistical analysis was 
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Table 11.3.2-1 Summary Statistics of Screening Lung Function Tests All Subjects 


Gender/Smoking Status 

Parameter 

Statistic 

Female 

Smoker 

Female 

Non-Smoker 

Male 

Smoker 

Male 

Non-Smoker 

FVCt%M ! Harri) 


■ ' t ■ ; ' ■■ L .' 


N IR 

39 

36 

33 

32 

Mean 

106.5 

109.4 

105.5 

104.8 

Standard Deviation 

13.62 

13.30 

16.67 

14.34 

Median 

106 

109 

103 

105 

Minimum 

76 

81 

75 

75 

Maximum 

134 

136 

158 

133 






FEV,(%« ntoki) 




_ ■ 

39 

36 

33 

32 

Mean 

95.2 

101.4 

95.7 

95.7 

Standard Deviation 

14.03 

12.58 

13.68 

12.75 

Median 

93 

101 

96 

94 

Minimum 

75 

76 

75 

77 

Maximum 

133 

128 

127 

125 

Source: Listing 16.5k 

8 


11.3.3 Evaluation of Enrollment Physical Examinations 

No significant findings were noted at the Enrollment physical examinations. Any findings 
that were noted are listed by subject in Listing 16.5-36. 

11.3.4 Vital Signs 

Vital signs (including systolic and diastolic blood pressure, pulse, respirations, and oral 
temperature) were measured at each site visit. A by-subject presentation is included in 
Listing 16.5-19 and the values are summarized including descriptive statistics in Table 
14.8-1. 


Although there was no formal statistical analysis for the vital signs measurements, 
observations of differences were noted. For systolic blood pressure, male smokers and 
male non-smokers had similar values, while female smokers had levels that were slightly 
lower than their non-smoking counterparts. There did not appear to be a difference 
between smokers and non-smokers for diastolic blood pressure. 
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Mean pulse (bpm) measurements were approximately 10 bpm less for male non-smokers 
than for male smokers, and approximately 3 to 4 bpm less for female non-smokers than 
for female smokers. Overall, pulse measurements were approximately 5 to 9 bpm less for 
non-smokers than for smokers. 

Overall, no clinically significant differences were seen between smokers and non- 
smokers, male smokers and male non-smokers, and/or female smokers and female non- 
smokers for oral temperature or respiratoiy rate. 

11.3.5 Urine Pregnancy Test 

No female subject became pregnant while participating in the study. The results of the 
pregnancy tests are presented in Listing 16.5-20. 

11.4 Safety Conclusions 

None of the procedures performed in this study posed a safety concern for any of the 
subjects. 

No intercurrent illnesses that were differentiated between smokers and non-smokers. All 
of the intercurrent illnesses were considered not clinically important. 

Concomitant medication use was tracked throughout the study period. The majority of 
the medications were over-the-counter preparations for health (e.g., multi¬ 
vitamins/dietary supplements), or over-the-counter pain relievers (e.g., 
ibuprofen/acetaminophen). 

12. RESULTS - LABORATORY COMPARISON FOR BIOMARKER ASSAYS 
12.1 Statistical Comparisons 

The results of biomarker analyses of duplicate samples by the two labs are shown in 
Table 12.1-1. The methods used by the two labs were the same for one of the biomarkers 
(4-ABP-Hb adducts). The labs used different methods for the other biomarkers. The 
purpose was to determine whether the values of the biomarkers measured in duplicate 
samples by the two labs were comparable. 
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Table 12.1-1 Biomarker Values from Duplicate Samples Measured by Two 
Laboratories 


Biomarker 

Unit 

Covance 

Mean 

INBIFO 

Mean 

(Covance Mean 
/INBIFO Mean) X 100 

90% Cl 

4-ABP-Hb 

adducts 

pg/gHb 

18.2 

21.4 

85.0 

(67.5, 102) 

Sum of Nicotine 

and Nicotine 

Metabolites 

mmol/mg 

creatinine 

49.3 

36.2 

136 

(127, 145) 

Total Nicotine 

mmol/mg 

creatinine 

9.02 

8.1 

111 

(105, 118) 

Nicotine 

mmol/mg 

creatinine 

7.14 

6.29 

114 

(110, 117) 

Total Cotinine 

mmol/mg 

creatinine 

21.2 

16.4 

129 

(123, 136) 

Cotinine 

mmol/mg 

creatinine 

6.81 

5.83 

117 

(111, 123) 

Total 3’-OH 
cotinine 

mmol/mg 

creatinine 

25.6 

19.2 

133 

(121, 145) 

Trans-3’-OH 

cotinine 

mmol/mg 

creatinine 

11.0 

9.16 

120 

(110, 130) 

Trans-3’-OH 

cotinine- O- 
glucuronide 

mmol/mg 

creatinine 

6.79 

3.44 

197 

(166, 229) 

Nicotine-A- 

glucuronide 

mmol/mg 

creatinine 

3.14 

2.99 

105 

(89.4, 121) 

Cotinine-A- 

glucuronide 

mmol/mg 

creatinine 

13.6 

9.81 

138 

(128, 148) 


Scatter plots, depicted in Figures 12.1-1 through 12.1-8, show the relationship between 
the measured values by Covance and INBIFO for 4-ABP-Hb adducts, sum of nicotine 
and nicotine metabolites, nicotine, cotinine, /ra«s-3'-hydroxycotinine, trans- 3'- 
hydroxycotinine-O-glucuronidc, nicotine-A-glucuronide, and cotinine-A-glucuronide, 
respectively. 

The means obtained by Covance laboratory were 5% to 97% higher than those obtained 
by the INBIFO laboratory, with the exception of 4-ABP-Hb adducts. 
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Nearly all of the measured values for the sum of nicotine and nicotine metabolites, 
nicotine, cotinine, tra«s-3'-hydroxycotinine, /ra;iS-3’-hydroxycolinine-0-glucuronide, 
and cotinine-iV-glucuronide fell above the 45-degree line indicating that the Covance 
values were higher than those obtained by INBIFO. For 4-ABP-Hb adducts at Weeks 1 
and 6, more of the measured values were below the 45-degree line than above it. For 
nicotineW-glucuronide, the results were randomly distributed with no apparent pattern. 


Plasma Blood Blomarksr of Exposure; 
t-Amlnabiphenyi—HP atJducl (pg/fi liemoglobLn) 

Diagonal line Is y-x. 

BLQ value* irere removed from this analysis 



Source: Figure 14,1.4.1-1 

Covance by INBIFO for4-ABb-Hb adduct (pg/g hemoglobin) 

Figure 12.1-1 Scatter Plot of Measured Values by Covance and INBIFO for 
4-ABP-Hb Adduct 
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24-Hcmr Urine Biomarker of Exposure: 

Sum o[ Nicotine and Nicotine metabolites (nmol/rai Creatinine) 

Diagonal line Is y*=ac_ 

BLQ value* vsre removed from this analysis. 



Source: Figure 14.1.4.1-2 

Covance by INBIFO for Sum of Nicotine and Nicotine metabolites (nmol/mg Creatinine) 

Figure 12.1-2 Scatter Plot of Measured Values by Covance and INBIFO for Sum 
of Nicotine and Nicotine metabolites 
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24-Hour Urine 3io marker of Exposure: 

Nicotine (nmol/mg Creatinine) 
Diagonal line is j=z. 

BLQ values ware removed from this analysis. 



1NBIF0 

J«Wcckl; 2=Week 2; 3=Week 3 
Source: Figure 14.1.4.1-3 

Covance by 1NBIFO ForNicotine (nmol/mg Creatinine) 

Figure 12.1-3 Scatter Plot of Measured Values by Covance and INBIFO for 
Nicotine 


Final Draft: 22 October 2003 


Page 194 ofl 5260 


PM3006437519 


Source: https://www.industrydocuments.ucsf.edu/docs/ljkj0001 




Covance Laboratories 


RSR 

Protocol No. PM-8450 

Covance CRU Study No. 12226-8450 


24-IIour Urlno Biomorker oil Exposure: 
Cgtlniae (noiPl/mg CreaUoios) 

Diaaoral Line La y-x. 

BLQ values ware removed from this analysis. 



INBIFO 

1-Week !; 2=Week2; 3=Week 3 
Source: Figure 14.1.4.1-4 

Covance by INBfFO for Cotinine (nmol/mg Creatinine) 

Figure 12.1-4 Scatter Plot of Measured Values by Covance and INBIFO for 
Cotinine 
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24-Hour Urine Biotnarlter of Exposure: 

Trans- 3 - hy 4roxy cqUi&i« (maol/^g Creatinine) 

Diagonal Hns is y«x. 

BLQ valued wore removed from thl* analysis. 



INBIFO 

l^Week 1; 2=Week 2; 3=Week3 
Source: Figure 14.3.4.1-5 

Covance by INBIFO for Dwis^-liydroxycotinine (nmol/mg Creatinine) 

Figure 12.1-5 Scatter Plot of Measured Values by Covance and INBIFO for 
7>ans-3-hydroxycotinme 
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34-Hour Urine Biomarker of Exposure: 
TrartK-3-hycIroxyeDi.ijiine-O—gltieuronide (nmOl/o^g Creatinine) 

Diagonal line is y-x, 

BLQ value* were removed from this analysis. 



INBIFO 

1-Week u 2“Week 2; 3=Wcek3 
Source: figure 14.1.4.1-6 

Covance by INBIFO for TiYMsf-hydroxyratiniue-O-gluaironide (nmol/mg Creatinine) 

Figure 12.1-6 Scatter Plot of Measured Values by Covance and INBIFO for 
Jm/is-3'-hydroxycotinine-0-glucuronide 
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24-Hour Urine Eiomarker of Exposure: 

Nleoline-M-ilucuronlde (nmal/mc Creatinran) 

Diagonal line is y 

DLQ values were removed from tills analysis. 



Source: Figure 14.1.4.1-10 

Covance by INBIFG for Nicot[ne-//-gIucuronide fiunol/mg Creatinine) 

Figure 12.1-7 Scatter Plot of Measured Values by Covance and INBIFO for 
Nicotine-iV-glucuronide 
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24-Hour Urine Btomarkar of Exposure: 
Cotinine-N^alucuronide (nmol/mj Creatinine) 

Diagonal line is y«x. 

BLQ values were removed from tliis analysis. 



INBIFO 

l=Weet 1; 2=Weck 2; 3=Wcck 3 
Source: Figure 14.1.4J-J1 

Covance by FNBIFO for Colinine-W-glucuronide {nmol/mg Creatinine) 

Figure 12.1-8 Scatter Plot of Measured Values by Covance and INBIFO for 
Cotinine-JV-glucuronide 

12.2 Discussion and Conclusions 


As shown in Table 12.2.-1, the results of the OLP regression indicated that the hypothesis 
a’ = 0 (no fixed bias between the methods) was not rejected for all of the biomarkers 
since the confidence interval for a’ includes zero. The hypothesis P’ = 1 (no proportional 
bias between the methods) was rejected at the 5% level for the sum of nicotine and 
nicotine metabolites, total nicotine, nicotine, total cotinine, cotinine, total 3’- 
hydroxycotinine, frans-3’-hydroxycotinine, frans-3’-hydroxycotinine-<5-glucuronide, and 
cotinine-Af-glucuronide because the 90% confidence interval for p’ did not include 1. 
That is, Covance’s results are progessively higher than those of INBIFO as the level of 
the biomarker increases. 
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Tabic 12.2-1 Analyses of Selected Biomarks Measured by INBIFO and Covance 
Laboratories: Ludbrook Method 


Bioniarker 

Unit 

95% 

’ Confidence 
(a N ) Interval for a’ b 

b c 

95% 

Confidence 
Interval for 

4-Aminobiphenyl-Hb adduct 

pg/g hemoglobin 

-4.500 

(-14.478, 2.422) 

1.043 

( 0.724, 1.504 ) 

Sum of Nicotine and Nicotine 
metabolites 

iupol/mg Creatinine 

1.474 

(-2.069,4.831 ) 

1.225 

( 1.161, 1.293 ) 

Total Nicotine 

nmol/mg Creatinine 

-1.256 

(-3.466, 0.600 ) 

1.231 

( 1.033, 1.467) 

Nicotine 

nmol/mg Creatinine 

0.264 

(-0.517,0.967) 

1.092 

(0.982, 1.215) 

Total Cotinine 

nmol/mg Creatinine 

0.486 

(-0.888, 1.775) 

1.261 

( 1.182, 1.344) 

Cotinine 

nmol/mg Creatinine 

-0.071 

(-0.685, 0.491 ) 

1.171 

( 1.071, 1.280) 

Total 3-hydroxycotinine 

nmol/mg Creatinine 

0.791 

(-0.177, 1.723) 

1.245 

( 1.199, 1.294) 

T rans-3-hy droxycotini ne 

nmol/mg Creatinine 

0.030 

(-0.291,0.342) 

1.165 

( 1.136, 1.194) 

T rans-3-hydroxycotini ne-O- 
glucuronide 

nmol/mg Creatinine 

0.720 

(-0.209, 1.521 ) 

1.613 

( 1.393, 1.869) 

N icotinc-N-glucmoni de 

nmol/mg Creatinine 

-1.351 

(-3.720,0.192) 

1.480 

( 0.964, 2.271 ) 

Cotinine-N-glucuronide 

nmol/mg Creatinine 

0.376 

(-1.225, 1.804) 

1.340 

( 1.195, 1.503) 


NOTE: The regression equation is B(Covance laboratory) = a’+ b’ (INBIFO laboratory). 
8 a’: Covance intercept. 


Approximate 95% confidence interval for the population intercept parameter a'. 
c b’: Slope of Covance on INBIFO. 

Approximate 95% confidence interval for the population slope parameter fi’. 


The FDA Guidance for Industry: Bioanalytical Method Validatigj^ (May, 2001) 
('http://www.fda.gov/cder/guidance/4252fhl/pdfl states that'jup to a 15% deviation on 
eitlier side of the expected l m%ni| ^cceptable. Based on these guidelines, up to a 30% 
difference between the two labs ^allowable if each of the labs deviates as much as 15% 
from either side of the expected value. Gwen-thia-g-uidettae, patios of the results from the 
two labs were compared to the 90% confidence limits. The results for total nicotine, 
nicotineyfraTSTT-hydroxycotinirie (borderline), and nicotine-A-glucuronide were within 
the acceptable range with the results from Covance being higher on average than those 
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24-Hour Urine BSomt«-k«r of Exposure: 
Coiinine-N-glucuronide (nmol/nvg Creatinine) 

Diagonal line is y«x. 

BLQ values rrere remwi from this analysis. 



INBIFO 

I =Week I; 2=Wcek 2; 3=Week3 


Source: Figure 14.1.4.1-II 

Covance by 1NJ3JFO forColinine-A^-glucuronide (nmot/mg Creatinine) 

Figure 12.1-8 Scatter Plot of Measured Values by Covance and INBIFO for 
Cotinine-iV-glucuronide 


12.2 Discussion and Conclusions 


As shown in Table 12.2.-1, the results of the OLP regression indicated that the hypothesis 
a’ = 0 (no fixed bias between the methods) was not rejected for all of the biomarkers 
since the confidence interval for a’ includes zero. The hypothesis P’ = 1 (no proportional 
bias between the methods) was rejected at the 5% level for the sum of nicotine and 
nicotine metabolites, total nicotine, nicotine, total cotinine, cotinine, total 3’- 
hydroxycotinine, trails- 3’-hydroxycotininc, tran-s-S’-hydroxycotinine-O-glucuronide, and 
cotinine-V-glucuronide because the 90% confidence interval for P’ did not include 1. 

That is, Covance’s results are progessively higher than those of INBIFO as tire level of 

the biomarker increases. , , 

l ^ Ax 
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from INBIFO. The confidence intervals for 4-ABP-Hb adducts, the sum of nicotine and 
nicotine metabolites, total cotinine, total 3'-hydroxycotinine, traw5 , -3 , -hydroxycotinine- 
O-glucuronide, and cotinine-iV-glucuronide were not within the acceptable analytical 
limits. (See Section 12.2.1 for further comparison of nicotine analyses.) 

The two approaches may yield different results since the hypotheses being tested are 
different. One approach examines whether the results.from the two laboratories are 
different whereas the other approach tests Itow-sunilar the- resulls-are. Determining that 
there are no significant differences does not mean that the two labs are identical. 

12.2.1 Nicotine and Nicotine Metabolites 

Following this pilot study, both Covance Harrogate and PMRL GmBH (formerly 
INBIFO) participated in a ring trial for nicotine and nicotine metabolites run by an 
external, independent agency. Results from that trial indicated that the PMRL results for 
the glucuronides were consistently below the Covance Harrogate results and the “true” 
value for the samples. The Sponsor is satisfied that this study provided an adequate 
assessment of the Covance Harrogate capability. 

12.2.2 4-ABP-Hb Adducts 

For the analysis at Covance Harrogate, batches were considered acceptable if no more 
than 25% of the calibration standards were excluded, and a minimum of six 
back-calculated concentrations for calibration standards were within ±15.0% of 
theoretical [±20.0% at the lower limit of quantitation (LLOQ)]. Batches were considered 
acceptable if at least half of the pure standard QC samples at each concentration, and 
two-thirds of all pure standard QC samples in the curve range, were within ±15% of 
theoretical. For pooled RBC QC samples, batches were considered acceptable if 
two-thirds of the QC samples for each pool (smoker and non-smoker) were within ±15% 
of theoretical concentration (as determined during method validation). 

For pure standard QC samples, overall precision for 3-ABP and 4-ABP at the low 
concentration was greater than 15% (16.8% and 16.4%), and consequently a number of 
batches failed to meet the ±15% accuracy requirement at this concentration (two batches 
for 4-ABP, one batch for 3-ABP). At a level of ±20% acceptance for accuracy, a single 
batch for 4-ABP did not meet this requirement for the low QC concentration. A minimum 
tolerance of ±22% from theoretical concentration would be required for this batch to be 
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acceptable. For pooled RBC QC samples, observed precision was poor when compared 
with the precision apparent during method validation (up to 18.9%), giving rise to many 
reported concentrations falling outside the required accuracy tolerance of within ±15% of 
theoretical. At this level of acceptance for accuracy, only one of the eight batches met 
this requirement for both 3-ABP and 4-ABP in smoker and nonsmoker pooled QC 
samples. At ±20% tolerance, four out of eight batches were acceptable, and at ±30% 
tolerance a single batch for 4-ABP did not meet this requirement. A minimum deviation 
of 33% from theoretical concentration would be required for this batch to be acceptable. 

The calibration curve data from the reported batches indicate that the method met the 
acceptance criteria as stated in the analytical protocol for those batches. However, the 
pooled RBC QC sample data from the reported batches indicate that the assay did not 
perform within the required accuracy tolerance of ±15% of theoretical concentration. The 
vast majority of pooled RBC QC values fell within 30% of their theoretical 
concentration, and determined precision for these QC samples over the course of sample 
analysis ranged between 14.4% and 18.9%. Since there was no opportunity to perform 
repeat sample analysis, all data from batches performed during this study have been 
reported. Based upon the reported assay performance characteristics, variability in the 
approximate range ±30% should be associated with reported sample concentrations. 

There was not a statistical difference between the values obtained from INBIFO and 
Covance Harrogate. The method for these analytes is a complex, multi-step process 
involving sample dialysis, hydrolysis, solid phase extraction, and subsequent 
derivatization. This analytical complexity may have contributed to there being no 
significant difference observed between the two laboratories. 

13. DISCUSSION AND OVERALL CONCLUSIONS 

13.1 Discussion 

Caution should be taken since the sample size selected for this study was not based on a 
power calculation. In addition, statistical significance was declared at 0.05 level with no 
adjustments for multiple comparisons. Caution should also be used due to the imbalance 
in numbers that existed in some comparisons. In most cases in the ETS evaluation by 
source of exposure, the number of non-smokers not exposed was substantially greater 
than the number of non-smokers exposed. 
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Table 12.2-1 Analyses of Selected Biomarks Measured by INBIFO and Covance 
Laboratories: Ludbrook Method 


Biomarker 

Unit 

a* 

95% 

Confidence 
Interval fora’ 6 

b" 

95% 

Confidence 
Interval for 3 d 

4-Aminobiphenyl-Hb adduct 

pg/g hemoglobin 

-4.500 

(-14.478,2.422) 

1.043 

(0.724, 1.504) 

Sum of Nicotine and Nicotine 
metabolites 

nmol/mg Creatinine 

1.474 

(-2.069, 4.831 ) 

1.225 

( 1.161, 1.293) 

Total Nicotine 

nmol/mg Creatinine 

-1.256 

(-3.466, 0.600) 

1.231 

( 1.033, 1.467) 

Nicotine 

nmot/mg Creatinine 

0.264 

(-0.517, 0.967) 

1.092 

(0.982, 1.215) 

Total Cotinine 

nmol/mg Creatinine 

0.486 

(-0.888, 1.775) 

1.261 

( 1.182, 1.344) 

Cotinine 

nmol/mg Creatinine 

-0.071 

(-0.685, 0.491) 

1.171 

( 1.071, 1.280) 

Total 3-hydroxycotinine 

nmol/mg Creatinine 

0.791 

(-0.177, 1.723 ) 

1.245 

( 1.199, 1.294) 

Trans- 3 -hydroxy cotini ne 

nmol/mg Creatinine 

0.030 

(-0.291, 0.342) 

1.165 

( 1.136, 1.194) 

Trans-3-hydroxycotinine-O- 

glucuronide 

nmol/mg Creatinine 

0.720 

(-0.209,1.521 ) 

1.613 

( 1,393, 1.869) 

Nicotine-N-glucuronide 

nmol/mg Creatinine 

-1.351 

(-3.720, 0.192) 

1.480 

(0.964, 2.271 ) 

Cotinine-N-glucuronide 

nmol/mg Creatinine 

0,376 

(-1.225, 1.804) 

1.340 

( 1.195, 1.503 ) 


NOTE: The regression equation is E(Covance laboratory) = a’+ b’(INBIFO laboratory). 
3 a’: Covance intercept. 


Approximate 95% confidence interval for the population intercept parameter a’, 
c b’: Slope of Covance on INBIFO. 

C Approximate 95% confidence interval for the population slope parameter [)’. 

The FDA Guidance for Industry: Bioanalytical Method Validation (May, 2001) 
(http://www.fda.irov/cder/guidance/4252fnl/pdf) states that up to a 15% deviation on 
either side of the expected mean is acceptable. Based on these guidelines, up to a 30% 
difference between the two labs is allowable if each of the labs deviates as much as 15% 
from either side of the expected value. Given this guideline, ratios of the results from the 
two labs were compared to the 90% confidence limits. The results for total nicotine, 
nicotine, /ram-3’-hydroxycotinine (borderline), and nicotine-V-glucuronide were within 
the acceptable range with the results from Covance being higher on average than those 
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from INBIFO. The confidence intervals for 4-ABP-Hb adducts, the sum of nicotine and 
nicotine metabolites, total cotinine, total 3’-hydroxycotinine, rra«s-3’-hydroxycotinine- 
O-glucuronide, and cotinine-A'-glucuronide were not within the acceptable analytical 
limits. (See Section 12.2.1 for further comparison of nicotine analyses.) 

The two approaches may yield different results since the hypotheses being tested are 
different. One approach examines whether the results from the two laboratories are 
different whereas the other approach tests how similar the results are. Determining that 
there are no significant differences does not mean that the two labs are identical. 

12.2.1 Nicotine and Nicotine Metabolites 

Following this pilot study, both Covance Harrogate and PMRL GmBH (formerly 
INBIFO) participated in a ring trial for nicotine and nicotine metabolites run by an 
external, independent agency. Results from that trial indicated that the PMRL results for 
the glucuronides were consistently below the Covance Harrogate results and the “true” 
value for the samples. The Sponsor is satisfied that this study provided an adequate 
assessment of the Covance Harrogate capability. 

12.2.2 4-ABP-Hb Adducts 

For the analysis at Covance Harrogate, batches were considered acceptable if no more 
than 25% of the calibration standards were excluded, and a minimum of six 
back-calculated concentrations for calibration standards were within ±15.0% of 
theoretical [±20.0% at the lower limit of quantitation (LLOQ)]. Batches were considered 
acceptable if at least half of the pure standard QC samples at each concentration, and 
two-thirds of all pure standard QC samples in the curve range, were within ±15% of 
theoretical. For pooled RBC QC samples, batches were considered acceptable if 
two-thirds of the QC samples for each pool (smoker and non-smoker) were within ±15% 
of theoretical concentration (as determined during method validation). 

For pure standard QC samples, overall precision for 3-ABP and 4-ABP at the low 
concentration was greater than 15% (16.8% and 16.4%), and consequently a number of 
batches failed to meet the ±15% accuracy requirement at this concentration (two batches 
for 4-ABP, one batch for 3-ABP). At a level of ±20% acceptance for accuracy, a single 
batch for 4-ABP did not meet this requirement for the low QC concentration. A minimum 
tolerance of ±22% from theoretical concentration would be required for this batch to be 
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acceptable. For pooled RBC QC samples, observed precision was poor when compared 
with the precision apparent during method validation (up to 18.9%), giving rise to many 
reported concentrations falling outside the required accuracy tolerance of within ±15% of 
theoretical. At this level of acceptance for accuracy, only one of tire eight batches met 
this requirement for both 3-ABP and 4-ABP in smoker and nonsmoker pooled QC 
samples. At ±20% tolerance, four out of eight batches were acceptable, and at ±30% 
tolerance a single batch for 4-ABP did not meet this requirement. A minimum deviation 
of 33% from theoretical concentration would be required for this batch to be acceptable. 

The calibration curve data from the reported batches indicate that the method met the 
acceptance criteria as stated in the analytical protocol for those batches. However, the 
pooled RBC QC sample data from the reported batches indicate that the assay did not 
perform within the required accuracy tolerance of ±15% of theoretical concentration. The 
vast majority of pooled RBC QC values fell within 30% of their theoretical 
concentration, and determined precision for these QC samples over the course of sample 
analysis ranged between 14.4% and 18.9%. Since there was no opportunity to perform 
repeat sample analysis, all data from batches performed during this study have been 
reported. Based upon the reported assay performance characteristics, variability in the 
approximate range ±30% should be associated with reported sample concentrations. 

There was not a statistical difference between the values obtained from INBIFO and 
Covance Harrogate. The method for these analytes is a complex, multi-step process 
involving sample dialysis, hydrolysis, solid phase extraction, and subsequent 
derivatization. This analytical complexity may have contributed to there being no 
significant difference observed between the two laboratories, 

13. DISCUSSION AND OVERALL CONCLUSIONS 

13.1 Discussion 

Caution should be taken since the sample size selected for this study was not based on a 
power calculation. In addition, statistical significance was declared at 0.05 level with no 
adjustments for multiple comparisons. Caution should also be used due to the imbalance 
in numbers that existed in some comparisons. In most cases in the ETS evaluation by 
source of exposure, the number of non-smokers not exposed was substantially greater 
than the number of non-smokers exposed. 
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Parametric as well as nonparametric analyses showed a significant difference in all the 
selected bioinarkers of exposure between smokers and non-smokers by week and overall. 
Acetonitrile in exhalate, unexpectedly and without biological plausibility, had 
substantially greater values in non-smokers than smokers. Acetonitrile in blood had the 
most outliers as compared to other biomarkers of exposure. Biomarkers of effect 
malondialdehyde in blood, HDL-cholesterol, fibrinogen, 11 -dehydro-thromboxanc-B 2 , 
and 8 -«?/?i-PGF 2 cc showed significant differences between smokers and non-smokers 
overall, with HDL-cholesterol being the only biomarker with significantly lower values 
in smokers. However, caution should be used in interpreting the plasma malondialdehyde 
values, particularly at Week 6 (see Section 8.2.1). 

The sum of nicotine and nicotine metabolites was the most discriminatory biomarker 
between smokers and non-smokers. The biomarkers of effect, particularly 
LDL-cholesterol, C-reactive protein, and urine malondialdehyde, were not as good at 
discriminating between smokers and non-smokers as the biomarkers of exposure. 

A single sample collection on each subject would be sufficient to meet the objective of 
the TES since most of the biomarkers showed no time effect. Time effect was found for 
4-ABP-Hb adducts, carbon monoxide in exhalate, LDL-cholesterol, 8 -<?/h-PGF 2 K , and 
1 l-dehydro-thromboxane-B 2 

Most biomarkers of exposure had a high intra-subject variability and a high inter-subject 
variability that could not be explained by inter-assay variability (analytical %CV) which 
was generally low. The intra-subject %CV and the inter-subject %CV for the biomarkers 
of effect HDL-cholesterol, LDL-cholesterol, fibrinogen, and malondialdehyde in blood 
were all less than 30%, while the intra-subject %CV and the inter-subject %CV ranged 
from moderately high for 1 l-dehydro-thromboxane-B 2 , 8 -e/n-PGF 2o , and 
malondialdehyde in urine to extremely high for the C-reactive protein. The large intra- 
subject %CV and the inter-subject %CV for the biomarkers of exposure could be due to 
the inherently high variability in these biomarkers or that some variability was not 
accounted for. 

Exposure-response modeling for biomarkers of exposure indicated a significant effect of 
self-exposure on most biomarkers. External exposures such as exposure to cigarette 
smoke from spouse, exposure to cigarette smoke from others, exposure to cigarette 
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smoke in vehicles, exposure to cigarette smoke at the workplace, and exposure to 
cigarette smoke in other places seemed to explain some variability in most biomarkers of 
exposure. However, the final models for the biomarkers of exposure seemed to vary 
depending on the biomarker’s half-life assumed in the calculation of self-exposure. 

Statistical significance for the differences between smokers and non-smokers was similar 
regardless of leisure or non-leisure visits for biomarkers of exposure. For biomarkers of 
effect there were consistent, statistically significant differences between smokers and 
non-smokers across both leisure and non-leisure visits only for 8-epi-PGF 2a and 
1 l-dehydro-thromboxane-Bj. 

Evaluation of non-smokers exposed and non-smokers not exposed to ETS showed 
statistically significant differences for the sum of nicotine and nicotine metabolites, trans- 
3'-hydroxycotmine, /ra«s-3'-hydroxycotimne-0-glucuronide, nicotine-tV-glucuronide, 
and cotinine-Af-glucuronide at all sample collection times. The 4-ABP-Hb adducts, 
nicotine, and cotinine showed a significant difference at only one of the visits. 

In the inter-lab comparison, the mean values obtained from duplicate samples by the 
Covance laboratory for the sum of nicotine and nicotine metabolites, nicotine, cotinine, 
trans-V -hydroxy cotinine, /ra«i’-3’-hydroxycotinine-0-glucuronide, and cotinine-iV- 
glucuronide were 5% to 97% higher than those obtained by the INBIFO lab. Following 
this pilot trial, the two laboratories were involved in a collaborative trial whereby the 
consistency of these results was determined. The results of the collaborative trial 
indicated that the capabilities of the Covance Harrogate facility were adequate and that 
the results from this pilot study were acceptable. 

13.2 Conclusions 

The following biomarkers of exposure are recommended for the TES based upon method 
feasibility and ruggedness, ease of specimen collection, and the ability to differentiate 
between smokers and non-smokers: 

* The sum of nicotine and nicotine metabolites 

* Carboxyhemoglobin 

* 4-ABP-Hb adducts 
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The other biomarkers of exposure were not chosen based upon variability and instability 
within the method (NNK metabolites [NNAL and NNAL-glucuronide]), variability 
within the method (acetonitrile in exhalate), or the difficulty in specimen collection 
(exhalate for acetonitrile). As a biomarker of the gas-vapor phase of tobacco smoke, 
acetonitrile in blood did not differentiate as well between smokers and non-smokers and 
involved a more cumbersome assay than did carboxyhemoglobin. 

The following biomarkers of effect are recommended for use in the TES based upon 
method feasibility and ruggedness, ease of specimen collection, and the ability to 
differentiate between smokers and non-smokers: 

• HDL-cholesteroI 

• LDL-cholesterol 

• 1 l-Dehydro-thromboxane-B 2 

• 8-ep/-prostaglandin-F 2a 

• Fibrinogen 

• C-reactive protein 

The other biomarkers of effect were not chosen based upon variability within the method 
(plasma malondialdehyde) or failure to consistently differentiate between smokers and 
non-smokers (plasma and urine malondialdehyde). 

If a questionnaire is used multiple times, discrepancies between answers for specific 
questions and/or violations of ongoing eligiblity criteria must be identified and resolved 
prior to the subject leaving the clinical site. 


Most of the biomarkers showed no time effect, indicating that a single sample collection 
on each subject for the TES would be sufficient. 


Sample stability for the duration of analysis appeared to be acceptable. The methods 
should be validated for samples with extended periods of storage prior to the TES 
analysis. 
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